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1 A - Regional and Local Geology 

2 A.l Structural Geology 

3 The Pavillion Field is located in the west-central portion of the Wind River Basin (WRB) (Figure 

4 SIAl). The WRB is one of many structural and sedimentary basins that formed in the Rocky Mountain 

5 foreland (an elongate north-south structural depression flooded by a broad epicontinental sea referred to 

6 as the Western Interior Seaway) during the Laramide orogeny1
,2 (Late Cretaceous through early Eocene). 

7 The WRB is fault-bounded by Laramide uplifts with Washakie Range, Owl Creek Mountains, and 

8 southern Bighorn Mountains to the north, the Wind River Range to the west, the Granite Mountains to the 

9 south, and Casper arch to the east1-4 (Figure SIAl). 

10 Igneous and metamorphic rocks of Precambrian age comprise the core of the mountain ranges 

11 and underlie sedimentary rocks within the basin. Rocks from all geologic periods except Silurian age are 

12 present in the basin5
•
6

. Sedimentary strata dip 10°- 20° along the south and west margins of the WRB and 

13 are commonly vertical to overturned in the north and east margins of the WRB resulting in marked 

14 asymmetry with the deepest portion of the of the basin on the north and eastern marginsl. The center part 

15 of the basin is filled with nearly horizontal fluvial and lacustrine Quaternary and Cenozoic Tertiary age 

16 sediment, overlying Paleozoic and Mesozoic age rocks. Surface deposits in the basin interior where the 

17 Pavillion field lies consists of Quaternary alluvium and coalluvum and lower Eocene rocks of the Wind 

18 River Formation3 in which over 1520 m of basin-fill strata was removed by post-lower Eocene erosion4
. 

19 In the Pavillion area, the thicknesses of colluvial-alluvial deposits can be 6 m or morei. 

20 Oil and gas wells in the WRB are generally associated with anticlines or more subtle closures, 

21 however, controls on confinement cannot be discerned for some basin-centered gas accumulations8
. The 

22 Pavillion Field is situated on a structural closure that lies on the hanging wall of Circle Ridge/Maverick 

23 Springs thrust fault- one of three major northwest-trending thrust fault systems transecting the WRB3
•
9 

24 (Figure SIAl). There is no publicly available information on the precise location of this fault in tre 

25 Pavillion field. However, it appears to lie along the western portion of the field10
. 
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26 
27 Figure SIAl. Boundaries of the Wind River Basin, identification of major faults, and the approximate location of the Pavillion Field (red square). Figure was 
28 modified from Nelson and Kibler8

. 
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29 A.2 Identification of Source Rocks and Hydrocarbon Migration 

30 Hydrocarbon production from the Pavillion Field is primarily gas from the Paleocene Fort Union 

31 and overlying Early Eocene Wind River Formation. However, oil has also been produced from a number 

32 of production wells in these formations, especially in western portion of the field in proximity to tre 

33 suspected location of a fault. Source rocks for gas generation consist of marine rocks deposited from 

34 Early to Late Cretaceous time ( ~ 105-80 Ma) including the Thermopolis Shale, Mowry Shale, Belle 

35 Fourche Member of the Frontier Formation, and Cody Shale and non-marine source rocks deposited from 

36 Late Cretaceous to Paleocene time ( ~82-55 Ma) including coal and carbonaceous shale from the 

37 Mesaverde, Meeteetse, and lower member of the Fort Union Formation3 (Figure SI A2). 

38 The source rock for oil production in the Pavillion Field is not explicitly identified in the 

39 literature. Oil was generated by source rocks in the Mowry Shale and lower shaly member of the Cody 

40 Shale throughout most of the deep basin but present day thermal maturities are too high for oil to be 

41 preserved in these source rocks except in marginal areas of the basin3
. Oil generated by these source rocks 

42 may have migrated into shallow reservoirs but evidence is lacking3
. The Waltman Shale Member of the 

43 Fort Union Formation is oil prone but absent at the Pavillion field4·8 or at its western boundary11
. 

44 Light hydrocarbons from the Fort Union and Wind River Formations are isotopically similar and 

45 "dry." For example, methane (C1), 813C1 = -38.04 to -39.24%o in Fort Union formation and813C1 = -39.24 

46 to -40.20%o in Wind River Formation. The ratio of methane/methane to pentane (CdCI-5) = 0.95 to 0.96 in 

47 Fort Union Formation and CdCI-5 = 0.95 and 0.96 in the Wind River Formation12·13. The high level of 

48 thermal maturity of light hydrocarbons is incompatible with gas generation from these formations 

49 indicating extensive upward vertical migration from underlying mature and post-mature Upper 

50 Cretaceous source rocks13. Thermal maturities of coal beds in Fort Union are low indicating that any gas 

51 present is either of biogenic origin or is migrated thermogenic gas3
. 

52 In the Pavillion Field, light hydrocarbons are believed to have migrated and commingled in 

53 faulted and highly fractured zones along anticlines and structural noses3
•
13-15. Light hydrocarbons migrated 

54 to the base of the Waltman Shale Member' east of the Pavillion Field, and to Eocene Wind River 

55 Formation west of the pinchout of the Waltman Shale1213 where the Pavillion field is present. As uplift 

56 and erosion proceeded in the Wind River Basin, ground water produced an alteration zone where 

57 microbial activity generated biogenic methane from source rocks and degraded ethane in preexisting gas 

58 accumulations3
. Biodegradation of ethane has occurred at the Pavillion and East Riverton dome fields14. 
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59 
60 Figure SI A2. Generalized stratigraphic columns and correlations of Pennsylvanian through Eocene strata in the 
61 Wind River Basin, Wyoming. The Pavillion Field is located in the western portion of the Wind River Basin. From 
62 Johnson et al.3 
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63 Gas trapping in the Wind River and Fort Union Formations in the Pavillion field occurs in 

64 localized stratigraphic sandstone pinchouts on the crest and along flanks of a broad structural domtf·10
'
16

. 

65 A decrease in fracturing away from the crest of a fold rather than loss of gas saturation largely may 

66 control economic gas production3
. During early development of the Pavillion field, Upper Cretaceous and 

67 Tertiary rocks were normally pressured (hydrostatic gradient) and had a low temperature gradient of 

68 1.2°F/100 ft8
. Cumulative water to gas ratios, measured in barrels (bbls) (1 bbl = 42 gallons= 159liters) 

69 to million cubic feet (MMCF), for targeted production intervals in the Wind River and Fort Union are 

70 considered relatively low at 0.9 bbl/MMCF (n=84) and 2.4 bbl/MMCF (n=66), respectively. 

71 A.3 Lithology of the Fort Union Formation 

72 The Fort Union Formation is divided into two general lithologic units. The lower unnamed 

73 member is characterized by conglomerates, white to gray fine- to coarse-grained, massive to cross-bedded 

74 standstone, interbedded with dark gray to black shale, claystone, and siltstone deposited under various 

75 fluvial depositional systems3
•
17

-
19

. The upper unit is divided into two laterally equivalent members- the 

76 Waltman Shale and the Shotgun members20
• The Waltman Shale is a lacustrine deposit in the central 

77 portion of the WRB that formed from an extensive body of water that developed in the basin during late 

78 Paleocene time11
. The Waltman Shale is absent or at its western bmmdary at the Pavillion field4

•
8
•
11

. 

79 The Shotgun Member is a marginal lacustrine deposit that formed in fluvial and shoreline areas 

80 that expanded during the late Paleocend0 and is dominated by siltstones, mudstones, carbona:eous shales, 

81 coals, and subordinated sandstones18
. The Shotgun Member directly overlies and lithologically merges 

82 with the lower member in areas where the Waltman shale is absent11
•
19

. The thickness of the Fort Union is 

83 relatively unaffected by upwarping and downwarping indicating that downfolding occurred after 

84 deposition of the formation. Conglomerates and sandstones of the lower member of the Fort Union were 

85 initially targeted as producing zones in the Pavillion FieW 8
. 

86 Based on gamma ray, resistivity, and combined gamma ray-resistivity logs, Flores and Keighin18 

87 identified four fluvial depositional systems in the lower member of the Fort Union Formation in the 

88 Pavillion Field. Type I reservoirs were characterized as stacked sandstone (up to~ 18m thick) with 

89 internal scours marked by lag conglomerates formed by low sinuosity side and mid-channel bars. Type II 

90 reservoirs were characterized as multistory sandstones ( ~4 to~ 9 m thick) separated by siltstone and 

91 mudstone seal rocks ( ~ 1 to ~6 m thick) formed by low sinuosity cut and fill channels. Type III reservoirs 

92 were characterized as multistory sandstones (~2 to~ 14m thick) interbedded with siltstones and 

93 mudstones (~2 to~ 12m thick) formed by high sinuosity meander channels. Type IV reservoirs were 
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94 characterized as sandstones (up to~ 6 m thick) within mudstones and siltstones formed by crevasse 

95 splays. 

96 A.4 Lithology of the Wind River Formation 

97 Fluvial deposition of the Wind River Formation occurred during a time of intense folding and 

98 uplift during the later stages of the Laramide orogenl·11
•
20

•
21 resulting in considerable lithological 

99 variation of the formation throughout the WRB20
. Thickness of the Wind River Formation in the basin 

100 varies from 0 to about 1524 m6
. Information from well completion reports and drilling logs indicates that 

101 in the Pavillion Field, thickness of the Wind River Formation ranges from 853 to 1228 m. The underlying 

102 Paleocene Fort Union Formation ranges in thickness from 762 to 914 min the area18
. 

103 Keefer19
•
20 stated that, in general, two facies predominate in the Wind River Formation 

104 throughout the WRB - a coarse boulder facies representative of deposition along mountain slopes and a 

105 fine-grained commonly brightly varicolored facies representative of deposition farther out in the basin 

106 with gradation of these two facies in overlapping mountain and basin areas. However, depending on the 

107 transport power of ancient streams, coarse grained sandstone and conglomerate extend several miles in to 

108 the basin in channel deposits. 

109 McGreevy et al.6 stated that in the Wind River Indian Reservation (WRlR) (an area directly west 

110 of the Pavillion Field), oil well logs and test drilling indicated: (1) an upper fine-grained sequence at the 

111 surface in most of the eastern part of the reservation consisting primarily of gray and green siltstone, 

112 shale, and sandstone with numerous sheet and channel deposits of brown siltstone and sandstone with a 

113 maximum thickness of about 244m in most ofthe area; (2) a sequence containing many coarse-grained, 

114 well sorted, loosely cemented, very porous, largely arkostic sandstone and conglomerated beds of 

115 thickness of~ 305m but thinning to the northeast part of the WRIR; and (3) a lower sequence consisting 

116 of fine-grained brown, maroon, red, and gray siltstone and shale with some sandstone of thickness of 

117 several thousand feet which intertongues with the coarse-grained sequence toward the south end of the 

118 WRIR. 

119 A continuous sandstone unit, termed the Basal Wind River unit, lies at the base of the Wind River 

120 Formation in the Pavillion Field9
•
10

. This unit appears frequently in drilling and well completion reports. 

121 The continuity of this unit contrasts with substantial vertical and lateral stratigraphic variation in 

122 sandstone units over short distances in the Pavillion area9.l0 and throughout the Wind River Formation in 

123 generaP 8
•
22 precluding mapping of these units using conventional borehole log techniques. Sandstone 

124 units are generally characterized as lenticular, discontinuous, and separated by confining shale, mudstone, 

125 and siltstone units6
. 
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126 Sandstone lenses in the Wind River Formation in the Pavillion field are reported to be generally 

127 fine to very fine grained, well sorted, have porosity in the range of 4 to 28 percent and permeability in the 

128 range of0.1 to 300 millidarcies (mdi. Referring to development in 14 gas wells and 8 dcy holes in the 

129 Wind River and Fort Union Formations, Single9 stated that on average 75 sandstone units (varying in 

130 thickness between~ 1 to 21 m) were penetrated in each well of which 6 to 20 units were gas productive 

131 and the remaining had limited porosity and/or permeability, or were "water bearing". Drilling in the 

132 Pavillion field is complicated by the presence of water sensitive shales and petrophysical evaluation is 

133 complicated due to the presence of fresh water and pore-filling clays9
. 

134 The central part of the basin, is characterized by stream-valley fill and broad flood plains and that 

135 the presence of large quantities of overbank mudstones and near linear channel-sandstone ridges suggest 

136 that meandering streams of low sinuosity were dominant during deposition of the Wind River 

137 Formation21
. The Eocene Wind River appears to have flowed directly through an area that is now the 

138 Pavillion Field in the vicinity of production well Tribal Unit 14X-ll21
. Maximum intervals of continuous 

139 sandstone deposits are greatest near the course of the Eocene Wind River where channel sandstone bodies 

140 can be as much as 40 meters thick, but most are much thinner 1
. 

141 A.5 Lysite and Lost Cabin Members of the Wind River Formation 

142 In the eastern and northeastern margins of the WRB (north and east of the Pavillion field), the 

143 Wind River Formation has been divided into the Lysite and overlying Lost Cabin Member based on 

144 lithological and faunal differences19
•
20

. Faunal distinction was largely based on the presence of the genus 

145 Lambdotherium in the Lost Cabin beds and its absence in Lysite beds20
. In the northeastern portion of the 

146 WRB, the Lysite Member consists of yellow to brown sandstone and conglomerate interbedded with red, 

147 gray, and greenish-gray sandy claystone and siltstone20
. The Lost Cabin Member consists of gray, yellow, 

148 and brown sandstone with locally prominent beds of conglomerate alternating with violet, red, purple, 

149 gray, and green sandy clayey sandstone20
. Both members contain an abundance of fine-grained strata19

. 

150 One of the primary differences between these two members is the composition of conglomerates. 

151 Conglomerate in the Lost Cabin Member contains abundant Precambrian rock fragments of granite and 

152 gneiss19
. Conglomerate in the Lysite Member is derived almost exclusively from Paleozoic formations19 

153 and contains an abundance oflimestone, dolomite, and chert fragments20
. In the central part of the WRB 

154 (where the Pavillion Field is located), there is no sample or electric log basis to separate the Wind River 

155 Formation into Lysite and Lost Cabin Members20
. Throughout the WRB, the name Wind River Formation 

156 is applied to all lower Eocene rocks, including the Indian Meadows Formation and the Lost Cabin and 

157 Lysite Members of the Wind River Formation because there are no viable criteria for distinguishing 

158 individual members of the Wind River Formation from sample and well log data11
•
19

•
20

. 
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159 Stephens23 and Itasca Denver Inc.24 state that the Wind River Formation in the Pavillion field can 

160 be divided into the Lost Cabin member and underlying Lysite member and that the former is a source of 

161 potable water while the later has total dissolved solids (TDS) levels exceeding 10,000 mg/L. They state 

162 that EPA's monitoring well MWOl was completed in the Lower Lost Cabin member, and MW02 was 

163 completed in the Upper Lysite Member where elevated chloride was detected. However, neither 

164 Stephens23 nor Itasca Denver Inc.24 provide any justification (e.g., faunal or lithologic) for identification of 

165 these units outside established geographic areas in the WRB. 

166 In available lithologic logs in the Pavillion Field, limestone and dolomite fragments characteristic 

167 of the Lysite member were not identified at Triball-21, Triball-22, Taylor Patented 1, Shell33X-10, 

168 Mae H. Rhodes 1, Runners Herford 1, Roland Patented34-13, Ocean Lake Triball-15, John K. Coolidge 

169 1-4, Unit 12-3, Govt Ocean Lake 1, Doles Unit 44-15, Tribal21-9, and Tribal Pavillion 14-2 at or below 

170 the depth ofMW02. Chert fragments were identified at 856 m below ground surface (bgs) at Shell33X-

171 10 and at 1036 m bgs at Taylor Patented 1. 

172 Also, neither Stephens23 nor Itasca Denver Inc.24 provide references or documentation that, even 

173 where present, the Lysite member contains TDS levels exceeding 10,000 mg/L. In an evaluation of 

17 4 alternative water supply options for residents in the Pavillion field, Gores and Associates25 identified three 

175 domestic wells of similar depth of MW02 in the immediate vicinity of the Pavillion field at 274, 305, and 

176 322 m bgs with associated TDS concentrations of 631, 590 (775 duplicate), and 607 mg/L TDS 

177 respectively. Also, USGS reports (McGreevy et al.6
, Plafcan et aF6

, and Daddow et aP) relevant to the 

178 Pavillion area indicate no instance ofTDS levels exceeding 10,000 mg/L in the Wind River Formation. 

179 Plafcan et aF6 identified a water supply well at 674 m bgs having a TDS concentration of 1190 mg/L. 

180 A.6 EPA Lithologic Cross-Section through Pavillion Field 

181 EPA (DiGiulio et alY) used borehole geophysical logs from 32 production wells to develop a 

182 lithologic cross-section in the vicinity ofMWOl and MW02. Depending upon the specific production 

183 well, various combinations of natural gamma, resistivity, self-potential, density, and neutron porosi1y logs 

184 were utilized. No gradational/intermediate values between shale and sandstone (e.g. 80% shale, 20% 

185 sandstone) were used although they are known to exist throughout the Wind River Formation. This 

186 designation was maintained for consistency for near surface deposits where fine-, medium-, and coarse-

187 grained sandstones could be differentiated from driller's logs. It was generally clear from the variorn logs 

188 whether a specific interval contained sandstone or shale, but not where each layer started or ended. Thus, 

189 assignment of boundaries was subjective. Each sandstone or shale layer was represented as having at least 

190 one meter in thickness since log resolution was insufficient to discern individual layers less than this 

191 resolution. 
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192 Data was used to populate a three-dimensional lithology model using a commercial software 

193 package Rockwarel5. A lithologic cross-section (Figure SI A4) developed along a transect (Figure SI A3) 

194 represents a slice taken through this 3D model. In general, lithology was highly variable and difficuk to 

195 correlate from borehole to borehole, even for boreholes in close proximity to one another consistent with 

196 the experience of others (e.g., Osiensky et al.22
). However, it is apparent that there are no laterally 

197 continuous confining layers above depths of well stimulation (Figure SI A4). Since the majority of 

198 geophysical logs from the oil and gas wells were nm after installation of surface casing, the shallow 

199 lithology structure (upper 150-200 meters) in the model was dominated by information from the two EPA 

200 installed monitoring wells. Thus, the apparent existence of continuous shale units near the surface may be 

201 a result of insufficient data rather than physical reality. 

202 The aspect ratio (length versus width) of sandstone lenses cannot be discerned from available 

203 data. Itasca Denver Inc.24 used exposures from Upper Jurassic Salt Wash Sandstone Member of the 

204 Morrison Formation in the Henry Mountains area of southern Utah investigated by Robinson and 

205 McCabea28 to define the aspect (length versus width) ratios of sandstone bodies in the Paleocene Fort 

206 Union and Eocene Wind River Formations. Justification for this comparison was not provided. 
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207 

208 Figure SI A3. Map illustrating transect used to develop a lithologic cross section across the Pavillion Field. From 
209 EPA27 

Sandstone 
Horizontal Scale (m) 

0 200 400 600 800 1. 000 

210 

211 Figure SI A4. Lithologic cross-section along transect illustrating undifferentiated sandstone and shale units. From 
212 EPA27 
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213 
214 

domestic well (unknown depth) 
domestic well (<90 m bgs) 
domestic well (90-180 m bgs) 
domestic well (> 180 m bgs) 
municipal well 

t EPA monitoring well 
P&A (no production) 
P&A (production) 

cllt P&A (unknown production) 
production well 

D unlined pit 

215 Figure SI AS. Pavillion Field plot illustrating locations of production wells, domestic wells, EPA monitoring wells (MWO 1 and MW02), and unlined pits. Domestic wells sampled 
216 by EPA identified by last two digits ofPGDWXX series. Unsampled domestic wells having a Wyoming State Engineer's Office (SEO) pennit number identified with the prefix 
217 "P ." Unsampled domestic wells lacking SEO permits not identified. Depths of domestic well provided in Table SI B 1. Full names of production wells, abbreviated here, are 
218 provided in Table SI C 1. Locations of unlined pits are approximated by locations of associated production wells. 
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219 B -Locations, Depths, and Major Ion Concentrations of Domestic Wells in and Around the Pavillion 
220 Field 
221 
222 Table SI Bl. Location and depth of domestic wells in and surrounding the Pavillion well field. State Engineers Office 
223 (SEO) permit provided when available. PGDWOl and PG DW02 are municipal wells PGPWOl and PGPW02. Information 
224 compiled from EPA 27, EPA 29•30, Wyoming Oil and Gas Conservation Commission (WOGC C)31•32and Gores and 
225 Associates25 
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., § ·;;?; ..""" "'".c ~ ~ >=l~ "' ~~ <= a Q .. < :;.c S2 ...... tii ~ss ~! 8! r.:~:S ..... ..... 

') PGPW01/PGDW07 4 .24678802 -108 6879349 1666.0 154.2? 
') PGPW02/PGDW08 4 .24697113 -108 6840515 1641.0 157.0 ') 
') PGDWOl 43.2185 -108.5783 1610.0 ') ') 

') PGDW02 43.21848912 - 08.5783117 1629 8 15.2 ') 

') PGDW03 43.22721318 - 08.6584107 1629 8 137.2? 
') PGDW04 43.22790909 - 08.6541901 1638 3 134.1 ~ 
P3216l.OW PGDW05 43.25884628 - 08.6126556 1632 2 64.0 02/02/1976 
') PGDW06 43.27110813- 08.5599211 1663 9 115.8 ') 
') PGDW09 43.27211644- 08.615144 1635. 9.1 ') 

') PGDWlO 43.2358284 -1 8.6565018 1633. 225.6 ~ 
') PGDW11 43.24312049 - 08.6228628 1636 8 ') 

') PGDW12 43.27628927- 08.5661502 1652 9 115.8 ') 
') PGDW13 43.2444467 -1 8.6772771 1642. ') ') 

No permit on file PC DW14 43.25154027 - 08.6273311 1 642.3 57.9 ') 

') PGDW15 43.24312129- 08.6671791 1606 9 30.5 ') 

') PGDW16 43.20381363 - 08.6405183 1610 9 164.6 ~ 
') PGDW17 43.20416653- 08.6368713 1615 1 152.4 ') 
') PGDW18 43.22491388 - 08.569651 1612. 67.1 ') 

') PGDW19 43.21382469- 08.651274 1622. 19.8 ') 

No permit on file PC DW20 43.25230026- 08.5915756 1 624.0 140.2? 
No permit on file LI -02 43.25437 -108.58919 1623.0 185.9 ') 
') PGDW22 43.2444191 -1 8.598175 1627.0 ') ') 

P24508.0P PGDW23 43.2486496-1 8.6225891 1656. 53.3 12/31/1964 
') PGDW24 43.25877211 - 08.6015059 1622 1 30.5 ') 

') PGDW25 43.25558722- 08.5694867 1643 8 24.4 ') 

') PGDW26 43.25512275 - 08.6132115 1649 9 19.8 ') 

') PGDW28 43.23993143- 08.6465688 1612 7 25.9 ') 

') PGDW29 43.21773909- 08.6288449 1634 9 121.9 ') 

No permit on file PC DW30 43.25753 -108.62258 1637.1 79.2 ') 

') PGDW31 43.27302485 - 08.6615302 1624 9 ? ~ 

P64110.0W PGDW32 43.24074936 - 08.5941391 1624 9 205.7 5/2 /1983 
P22662.0P PGDW33 43.23855522- 08.5964146 1626 1 9.1 12/31/1934 
') PGDW34 43.23605297- 08.6058086 1634 0 30.5 ') 

') PGDW35 43.23021564- 08.6241763 1630 1 88.4 ') 

') PGDW36 43.25905726 - 08.5987059 1641 0 30.5 ') 

') PGDW37 43.24016136- 08.6585376 1615 4 24.4 ') 

') PGDW38 43.2296203 -1 8.572037 1610.9 48.8 ') 

') PGDW39 43.23750687- 08.5781708 1615 4 17.4 ') 

') PGDW40 43.26156616- 08.6198273 1638 0 67.1 ') 

P66345.0W PGDW41 43.262146 -108.6378479 1 45.0 21.3 1/31/1984 
P41517.0W PGDW42 43.25574493 - 08.647316 1645. 61.0 11129/1977 
') PGDW43 43.25749207- 08.64151 1645.0 ? ') 

P24506.0P PGDW44 43.25086975 - 08.6261292 1645 6 228.6 12 1/1932 
No permit on file PC DW45 43.25888062- 08.6130142 1 632.5 30.5 ') 

') PGDW46 43.24651337- 08.6157684 1638 9 14.6 ') 

') PGDW47 43.24520493 - 08.6319885 1641 3 147.5 ~ 
') PGDW48 43.2299881 -1 8.6235733 1633. 115.8 ') 

No permit on file PC DW49 43.25505829- 08.6178741 1 637.7 15.2 ') 

Pl6648l.OW PGDW50 43.2453 -108.6085 1633.1 61.0 4/7/2005 
CR UW09/250 None 43.25114 -108.56899 1614.4 ') 8/19/1977 
Pl08128.0W None 43.23104 -108.62085 1626.1 115.5 11/ /1997 
Pl20203.0W None 43.22725 -108.66048 1628.2 137.2 11/ /1999 
Pl23668.0W None 43.27042 -108.61556 1638.9 18.3 3/6/2000 
Pl24049.0W None 43.24552 -108.63087 1639.2 147.5 3/ 6/2000 
Pl46856.0W None 43.23104 -108.62085 1626.1 115.8 9 /5/2002 
Pl64192.0W None 43.26372 -108.5862 1649.0 24.4 12/6/2004 
Pl64193.0W None 43.26653 -108.589 1654.1 30.5 12/6/2004 
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P164194.0W None 43.26658 -108.5856 1654.1 31.2 12/6/2004 
P166480.0W None 43.24909 -108.6163 1633.1 ') 4/7/2005 
P172899.0W None 43.26029 -108.60075 1631.0 30.5 10/19/2005 
P18304l.OW None 43.21207 -108.47977 1567.9 73.2 8/1/2007 
P197335.0W None 43.27103 -108.62861 1645.9 ') 1/27/2012 
P197336.0W None 43.27115 -108.62854 1645.9 ') 1/27/2012 
P200885.0W None 43.24642 -108.61915 1657.0 ') 8/16/2013 
P22660.0P None 43.24208 -108.59609 1624.9 53.3 9/30/1938 
P2266l.OP None 43.24212 -108.5911 1622.1 14.6 8/31/1947 
P22662.0P None 43.23844 -108.59611 1625.5 9.1 12/31/1934 
P23056.0P None 43.22725 -108.66048 1628.2 19.8 1/4/1960 
P24502.0P None 43.23248 -108.60418 1628.9 54.9 12/31/1942 
P24506.0P None 43.24918 -108.62593 1658.4 228.6 12 /31/1932 
P24508.0P None 43.2492 -108.62099 1637.1 53.3 12/31/1964 
P29496.0P None 43.24198 -108.61107 1633.1 39.6 3/31/1975 
P30217.0W None 43.24311 -108.62275 1633.1 106.7 6/ 18/1975 
P31805.0W None 43.24562 -108.61107 1633.1 30.5 1/20/1976 
P34936.0W None 43.24311 -108.62275 1633.1 106.7 9/ 14/1976 
P41320.0W None 43.24201 -108.60608 1642.9 30.5 12/19/1977 
P41517.0W None 43.25628 -108.6507 1644.1 61.0 11/29/1977 
P44255.0W None 43.24201 -108.60608 1642.9 68.6 7/18/1978 
P50375.0W None 43.24216 -108.58612 1618.0 30.5 10/15/1979 
P59499.0W None 43.23471 -108.611 1622.1 33.5 2/3/1982 
P60032.0W None 43.2348 -108.59614 1618.0 26.2 3/23/1982 
P6511l.OW None 43.23078 -108.67048 1645.0 27.4 8/3/1983 
P66345.0W None 43.26365 -108.6358 1642.9 21.3 1/31/1984 
P69549.0W None 43.24562 -108.61107 1633.1 30.5 2/25/1985 
P82257.0W None 43.21668 -108.48244 1571.8 91.4 4/20/1990 
P89840.0W None 43.26343 -108.62097 1639.5 65.5 9/17/1992 
P91293.0W None 43.24195 -108.61606 1631.0 3.0 4/5/1993 
P9334.0P None 43.21429 -108.54506 1625.5 6.1 12/31/1935 
P93498.0W None 43.21668 -108.48244 1571.8 69.5 11/15/1993 
P944l.OP None 43.20178 -108.68044 1634.9 177.4 1/1 /1944 
P9517l.OW None 43.23078 -108.67048 1645.0 25.9 5/9/1994 
P9967l.OW None 43.24201 -108.60608 1643.0 16.7 6/28/1995 
P14914P None ') ') ') 39.6 ') 

P98757W None ') ') 1670.0 156.1 ') 

P58929W None ') ') 1652.0 17.4 ') 

P34345W None ') ') 1667.9 150.9 ') 

P59104W None ') ') 1667.9 152.4? 
P24507P None ') ') 1647.1 228.6 ~ 
P97501W None ') ') 1624.0 ') ') 

P30217W None ') ') ') 106.7? 
P182983W None ') ') 1638.6 231.6 ~ 
P46362W None ') ') 1642.3 54.9 ') 

P62641W None ') ') 1662.7 208.8 ') 

P53567W None ') ') 1652.0 42.7 ') 

P25636W None ') ') 1633.7 12.5 ') 

P110443 None ') ') 1633.7 127.1 ~ 
P28496W None ') ') 1613.3 11.0 ') 

P26200W None ') ') 1603.2 88.4 ') 

P40603W None ') ') 1619.1 12.2 ') 

P76475W None ') ') 1621.5 97.5 ') 

P14548P None ') ') 1615.4 18.3 ') 

P30162W None ') ') 1645.9 61.0 ') 

P32163W None ') ') 1639.8 114.3') 
P9941P None ') ') 1637.1 177.4') 

P116598W None ') ') 1629.8 143.3 ') 

P25011W None ') ') 1627.6 88.4 ') 

P177246W None ') ') 1611.5 304.8? 
P190223W None ') ') 1618.2 321.6 ~ 
P191733W None ') ') 1606.9 274.3 ') 

Unidentified (16 None ') ') ') ') ') 

domestic wells) 
226 
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227 Table SI B2. Major ion concentrations of domestic wells. Note: Results of samples collected by Wyoming Department of Environmental Quality (WYDEQ) 34 

228 obtained by the Powder River Basin Resource Council (PRBRC) through a Freedom of Information Act Request to the State of Wyoming 

PGDW05 

PGDW06 Mar-09 10.2 1262 34.9 24 0.344 7.1 0.034 NM 31.0 4 5 1.3 <0.5 NM EPA 29 

PGDW09 Mar-09 8 35 1128 254 233 2.05 16.6 4 14 NM 10.5 2 9 2.4 3.2 NM EPA 29 

PGDW11 Mar-097173400 312 423 5.53 3638C9 NM 15.31800.2 1.3 NM EPA29 

PGDW12 Mar-09 10.04 134 37.1 25 0.567 7.7 0.424 NM 30.8 4 7 1.5 <0.5 0.695 EPA29 

PGDW14 

PGDW20 _lY!_a!:~~-~ ??_~~~~ --------- 70.2 52 -------· _!~<!_1 ______ 7_9~~?.~~------- NM 34.5 1 70 0.8 --------- _:_~-~----· -~~0_3_4;_~---------- _I;;~~-
2

~----------------~ 
Jan-10 8. 9 2690 67.9 55 <5.0 71.7 8 14 NM 32.6 1270 0. <0.3 0.300 EPA30 

-o~i--r6s: -s294o- --------- 54 -562---· T6s-----·;i(9-812 _______ NM 33 moo. o-------- -6.35----· -if22r----------- -EPA-2,----------------

_Ap~:iis 59-2436 --------- 102 -526---· -o~7s663 ________ 6~86 ____ NM 22.91 5o 1. --------- -<6.o3-6.-i T-------------- -EPA-2,----------------

_Ap~:iis 89-2429 --------- -66 ____ -49i---· -i~64 _____ 57~E~3------- -<i.-663 ~3---i 3'0-6.94 --------- -6.073-<6: -3---------------- -EPA".l~----------------
-jti'Ii'--14-8: -4288o- --------- -8.3 ____ -636---· Tii ______ i8 ____ 7T ____ -<6.Y5-3 ------ -i3oo-- -o~9i ____ -<6.o3Ti ------------199o-\rY1)£<f- 3.;------------

-A~-g:i:-((75-298o --------- 83 -526---· -o~9r-----s2 ____ -8------- o.l3 35 ------ -i3oo-6. ----9---- -<6.o-(6.-o _8 _________ 2o-5o-\ VI5£Ci-- 3.------------

LD02 Oct-10 8.941175 --------- 78 -~!~---· -~~5-~-----f?~?_l_~~------- NM 20.16 8 2.28 <0.10 0.0 3 EPA
30 

-jti'Ii'--14-8: -936io- -56 ____ 68o 1.8 14o21 -<o.-r5-3 -i7oo-i --~s------ -<6.2T-· -o~6i9 _____ 2_5_66- mECi-- 3.------------

-A~-g:i.:(i '1-vr---- -NM ____ 62 -636---· T6 _______ 13-62- -------- -<o.-r5-3 ------ -i7oo-i. --------- -<6.2s-<o:o6762s6-orVnECi -------- 3.------------

PGDW22 _lY!_a!:~~-~ ?~-~!~~ 332 837 8.99 416 1 ~ NM 79.9 2 20 <0.2 43.6 NM EPA29 

Jan-10 7. 6 4230 --------- 337 -968---· -5~83 _____ 39-ii3p ________ NM -74~62 8---o-<c 2-------- -46.7----· -<oT ___________ -EPA-35 ----------------

PGDW23 · · 

PGDW24 Mar-09 7 65 4700 165 938 7.02 327 131 NM 55.7 3 00 0.6 <0.5 0.995 EPA29 

PGDW25 

PGDW26 

PGDW28 Mar-09 8 3 1170 258 239 2.15 40.61 .9 NM 16.7 2 8 0.5 3.7 NM EPA 29 

PGDW30 
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PGDW31 Mar-0986 2006 82.543 0.90131. 0.843 ~M 13.31300.4 0.5 NM EPA29 

PGDW35 Mar-09 8 63 2810 84.0 58 1.09 118 1. NM 24.11 10 0.3 0.5 1.10 EPA29 

PGDW36 Mar-09 62 649 232 41.7 2.5 89.5 2 .9 NM 3.2 19 1.0 1.2 NM EPA29 

PGDW37 Mar-09 8 14 819 342 187 0.887 12. 1.3 NM 8.7 89 9 0.9 1.2 NM EPA29 

PGDW39 Jan-10 7. 9 6410 129 1110 5. 8 389 14r NM 52.9 3 >40 0.3 <0.3 0.33 EPA30 

PGDW40 Jan-10 9. 6 1229 86.3 24 <5.0 6.57 5.0 NM 13.1 4 6 <0.2 <0.3 1.26 EPA30 

PGDW43 Jan-10 8. 9 4410 113 911 <5.0 208 13 7 NM 38.4 2 70 0.4 <0.3 0.403 EPA30 

PGDW44 Jan-10 8. 3 4080 100 994 <5.0 259 28 3 NM 39.5 2 80 0.3 <0.3 2.07 EPA30 ------------- :~r!~~~~ !?~~~~ --------- -94 ____ -i66o-2.· 9---------2-s-9i9 2------- _:NM ___ -3n2 o---o-<c <fs-<o-63- o6------· ----------------- 1C:PX27 _______________ _ 

::::::::::::: Jun-14 s. 1s68o ::::::::: s1 -ii6o-2· ----------29-o?~ -------- <o.1s 4 31oo -o~34 ____ -<6.03-2.4 -----------442"0-\ ili£<f- 3:;------------
-A~g:i4-'.28-59oo -86 ____ -i66o-{ ----------2-s-oii -------- -<o.-rs-4 ------ -29oo-- -0~22---- -<6.o3T' -----------444"0-\ ili£Q--~.------------

PGDW45 Jan-10 7. 3 1103 379 59.4 2.61 138 31 2 NM 14.5 2 3 1.9 0.3 <0.100 EPA 30 

::::::::::::: ~~r!~~~~~E~~~ ::::::::: -364--.- ~~!~:~~~c:::~::.::))?.~~ ~-::~:::: )~r!0:::. :~~~~~ ---r.-- Tr:::: :~-~~::::: :~9~~~~:::::::::: -EPA-o,----------------
------------- -~l!~-_1~_7: J.n!9 _ _________ 3so -~7 ______ ?) _______ _1_6_o_2? _________ q._l?_~! ______ -~29 ___ _ ?~q _____ _1_.1 _____ , _;9~qq7~§ __ o_~y-~ ~::::::~::::::::::::: 

Aug-14 .01 1150 360 79 3 120 3 0.24 36 250 1.7 0.98 <0.0076 7 0 WYD Q 34 

PGDW46 Jan-10 7. 9 855 329 91.1 1.81 90.3 9 ~9 NM 8.4 12 0.5 2.3 <0.100 EPA30 

PGDW47 Jan-10 9. 2 970 44.1 18 <5.0 6.87 < .0 NM 21.6 3 0 1.5 <0.3 <0.100 EPA30 

PGDW48 Jan-10 8. 1 3550 89.8 72 <5.0 147 4. 5 NM 24.1 1 40 0.3 <0.3 0.0491 EPA 30 

PGDW49 Jan-10 7. 6 5470 243 1210114 48615~ NM 64.3 3 60 0.4 7.7 11.4 EPA30 

------------- -Ap~:ii7 34-s-ii3 --------- -296 ___ -982---· -9~66-----4-N!~r-------- --NiVi ___ -54T3 oo ____ <c o-sTis-- --------· -2.4c----------- -EPA-o,----------------
------------- -jti"~_-14-7: -iss4o- --------- -336 ___ -996---· -io _______ 4Yoi4~~------- -6.2o-6s -3soo-6 --~ss ____ -6.o-----· -6.-os4 _____ s34o-\ iliEQ-- 3.------------
------------- -A~g:i4-~.o<i6i9o --------- -3i6 ___ -966---· _ii _______ 42-oi3p ________ -6.W6i ------ -33oo-6 --~46 ____ -4x----· -6_w------s22o-\ iliEQ-- 3.------------

PGDwso Apr-128045922 33 12903.4 3141 8 <1.425 .83470<0.20<0008<0.03 EPA33 

PGPW01 Mar-09 8 85 1016 60.6 21 0.287 8.8 0.084 NM 15.7 3 0 1.2 <0.5 0.0793 EPA 29 

------------- -j;;:1o--· ------- --------- -74.7"i7 -------· -<5~6-----sT<s o-------- --NiVi ___ -iE3 o------ T2 _____ -<6.3"---· -6.Yf2----------- -EPX'~----------------1 

-~<!!'_\Y_o~----- ·f1:-~%?-~ ??_l~~~ --------- -§H-j§ ·--·---· -~*6~~~~-~4?19/a--·---- -~---. -H·~~ -----.-- -~}---- -:;6:~----· -6}~}---------- :EE:PP:AA:'!,
2

~3
9 ::::::::::::::::1 

------------- -Ap~:i2s 46-iss6 --------- 77 -4i4 ____ T92 _____ 34To~4------- -<i.-oos s-c--s (;----- -<o~2o-o.i --------· -6.-ii____________ · 1 

PGDW01 Mar-09 234 808 6.15 398 93 6 NM 34.3 1 6 0 0. 6.2 NM EPA29 
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PGDW02 Mar-09 8 11 551 108 85.8 1.8 34.8 5 ~2 NM 2.6 17 0.7 <0.5 NM EPA29 

PGDW03 Mar-09 5 37 1333 39.5 27 0.403 16. 0.266 ~-------- M 25.1 5 9 0.9 <0.5 0.0147 EPA29 

------------- -j;;_y(l-g: Yi39o- --------- -is.o-25 -------· ........ - -:Nr.,r-- -2o~·r 
-s7o ___ - o~s----- -<o_y---· -<o~ioo ___ .. -.- .. 1C:pA_".l~--------------- -I <5.0 16.3 < .0 

PGDW04 Mar-09 9 17 1370 28.7 27 0.384 18 0.12 NM 21.6 5 1 0.9 <0.5 NM _r;~~~~- ---------------1 ------------- -j;;_-1o-9: -n3ss- --------- -38X26 -------· ........ -. -.- .. - .0------- -:Ni\1 ___ 
-23T -s3r-- - o~9----- -<o_y---· -<o~ioo ___ .. -.- .. 

<5.0 15.5 < EPA 
PGDW10 Mar-09 8 95 948 147 204 0.394 6.1 0.133 

~tt~~~~ 
8.0 29 0.9 <0.5 NM EPA29 

------------- --------· ------- --------- ------- ---------5oj32- ------ ------- --------- --------· ---------- -------
EPA29 Mar-09 8 62 985 147 204 0.400 6.1 8.0 2 89 0.9 <0.3 NM 

------------- --------· ------- --------- ------- --------- ------- ------ ------- --------- --------· ---------- ------- -EP A.-3~- --- -- --- -- --- --Jan-10 8. 2 147 147 195 <5.0 5.76 < .0 NM 7.5 29 0.9 <0.3 <0.100 
PGDW13 Mar-09 E 89 1155 303 196 1.85 61 19.9 NM 6.2 34 0.7 1.0 NM EPA29 

PGDW15 Mar-09 7 48 1728 277 269 1.24 72.21 .2 NM 9.9 52 0.6 1.8 0.274 EPA 29 

PGDW16 Mar-09 53 1011 145 188 0.312 6.4 0.0815 NM 13.428 0.8 <0.5 NM EPA29 

PGDW17 Mar-09 5 61 1490 21.2 27 0.418 21. 0.527 ~ M 49.5 5 3 2.0 <0.5 0.0204 EPA29 

PGDW18 Mar-09 8 87 2002 20.5 50 0.827 84. 0.279 ~ M 27.0 1 80 1.8 0.5 NM -EP X29 - --- -- --- -- --- -- . 

PGDW19 Mar-09 75 707 291 194 1.36 29 3.24 NM 6.9 196 0.9 2.6 NM EPA29 

PGDW29 Mar-09 5 72 1442 52.3 29 0.417 19. 0.46 NM 24.6 5 6 0.9 <0.5 NM EPA29 

PGDW38 Mar-09 8 68 2030 46.9 37 2.28 70 2.3 NM 46.9 9 8 1.3 5.9 0.018 EPA 29 

unidentified 1340 210 860 884G res & Assoc. 25 

unidentified 300 580 G re s & Assoc. 25 

unidentified 2180 459 990 1540 ( ores & Assoc. 25 

P14914P 2810 362 945 2150 ( or es & Assoc25 

P98757W 1261 255 439 813 G re s & Assoc. 25 

unidentified 1400 203 480 994G res & Assoc. 25 

P58929W 1250 825 G res & Assoc25 

P34345W 190 400 680G res & Assoc. 25 

P59104W 210 460 644G res & Assoc 25 

unidentified 974 210 345 647 Gores & Assoc 25 

P24507P 2900 4250 ( ores & Assoc. 25 

unidentified 913 174 320 570 Gores & Assoc25 

unidentified . 447 1110 1750 Gores & Assoc 25 

P97501W 555 1161 4010 ( ores & Assoc. 25 

unidentified 457 38 67 302G res & Assoc25 

P30217W 2700 4180 ( ores & Assoc. 25 

unidentified 827 1290 ( or es & Assoc25 

P182983W 886 585 G res & Assoc. 25 

unidentified 1140 752G r es & Assoc 25 

P46362W 140 1100 1550 ( ores & Assoc. 25 

P62641W 970 2200 3550 ( ores & Assoc. 25 

unidentified 2140 3100 ( 0 res & Assoc25 

unidentified 642 1300 ( or es & Assoc25 

P53567W 175 84 384G res & Assoc25 

P25636W 750 2070 ( ores & Assoc25 

P110443 1539 298 570 1010 ( or es & Assoc 25 

unidentified · 454 620 1800 ( ores & Assoc 25 

P28496W 29 288 G res & As soc. 25 

P26200W 2610 3880 ( ores & Assoc 25 
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unidentified 2160 445 988 1530 ( ores & Assoc. 25 

unidentified 3790 339 2310 3510 ( ores & Assoc. 25 

P40603W 210 710G res & A ssoc. 25 

P76475W 1320 260 540 808 G re s & Assoc. 25 

P14548P 1049 1690 ( ores & Assoc 25 

P30162W 169 Gores & Assoc 25 

P32163W 690 1130 ( ores & Assoc. 25 

P9941P 2720 579 1290 2040 ( or es & Assoc25 

P116598W 229 119 376G res & Assoc25 

unidentified 296 930G re s & Assoc. 25 

P25011W 2400 3560 ( ores & Assoc. 25 

P177246W 1180 248 457 775 G r es & Assoc 25 

------------- -·--·-··· ....... -Ws<i --- . -.--.- "i26"""" ........ -. -.- .. - -------- . -.--.- -.--.- "237""" --------- -----·-·· ---------- "59(iCJ soc. 25 res & As 
P190223W 920 607 G res & Assoc 25 

P191733W 956 631 G res & Assoc 25 

229 
230 NM- not measured 

231 
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232 C- Summary of Production Well Construction and Stinulation 

233 Table SI Cl. Production well construction summary (listed in order of completion date). Information retrieved from well completion reports using API number 

"" 8 ! 'E .... oCI j s iOII C>i "" 
"" 8 ! -= '-' t::'OO' .s 

-~ 8 
:s ~ -= "" -~ 

... 
..2~ t QiOII lll .! :§ j ~ ,.: Q ~1l ..,..= ~ -=""s 

-~ "8 ... ...:I ,;! ~=\._! 
~ 

Q ]! - 8 -cOO ~ "" 
~'-' :=ooiOII iOII 

z f '8 i e- ~-= §:;;; -== "' ... -s .... ~ = .5 .... ii ,.Q 5 "" = <::>~ ;; .... <::> .!'"""' ~~ "C Q •1"'11 = 
~ 

~ 
,.Q j <::> d a1 = ~! ~ ~·= i:l ~ <::> "' = Ql = ~ ~ ~ ...:I ..... ~ ..... ~:;;;. oo.= ,..c.; :;;;CQc.; 

49-013-06388l'v ae H. Rhodes 1 MHRl 43.26009 -108.63519 12 ~ 111953 1953 1 642.0 3,353 1 41.8 156.7 541 2812 "Chern Gel" 
49-013-06357 c a Wells 14-12 14-12 43.24571 -108.59549 8/7 1960 --- 1622.8 1,983 1 148.5 190.5 191 1 Invert 
49-013-06359 c ovt 23-7 23-7 43.24841 -108.57139 5/1 1/1961 19 1 1612. G 2,450? 176.2 1 60 1784 Q-Broxin Gel 
49-013-06474 v irth 1 Wl 43.29472 -108.65019 10 ~21 1961 1 61 168( .7 2,899 9 4.5 200.9 one B 2698 "Gel" 
49-013-06395 T ibal Pavillion 23-2 23-2 43.26371 -108.61039 12 ~/1962 --- 1631.9 1,585 1 27.5 195.1 19 5 0 Invert 
49-013-06451 s ell Govt 22-35 22-35 43.28179 -108.61019 2/ ~/1963 1963 lE 57.5 G 1,676? 189.6 N one B 1486 Invert 
49-013-06358 c ovt-Ocean Lake 1 GOLl 43.24649 -108.52271 6/1 1/1963 1974 1599.0G 1,829 1 19.2 177.7 533 355 Invert 
49-013-06389 T ibal Pavillion 14-1 14-1 43.26021 -108.59541 6/1 8/1963 --- 1631.6 1,254 1 41.2 205.4 22 2 17 Invert 
49-013-06376 c ovt 21-8 21-8 43.25711 -108.551117/1 1/1963 ') 1629.5G 1,372 1 96.7 189.3 ') E ') Invert 
49-013-06413 2 -5 21-5 43.27111 -108.55099 7/1 ~/196 3 --- 1626.7 1,524 1 25 192.3 6 5 R 463 Invert 
49-013-06341 l nit 13-13 u 13-13 43.23449 -108.595 7/16/1963 --- 1617.9 G 1,411 ? 190.2 ') E ') Invert 
49-013-06392 T ibal Pavillion 14-6 14-6 43.26056 -108.57556 7/1 ~/1963 --- 164 .0 G 1,219 ') 184.7? E ') Invert 
49-013-06402 c ovt 32-4 32-4 43.26739 -108.52629 7/1 8/1963 19 3 1627. 1,524? 188.1 N ne B 1336 Invert 
49-013-06336 L nit 24-14 24-14 43.23231 -108.60861 1 1/22/1963 - - 1617.( 1,159 1 21.7 186.8 396 209 Invert 
49-013-06273 c ovt 44-20 44-20 43.21694 -108.54119 3 /16/1964 19 4 1642. G 1524? 187.4 N one B 1337 Invert 
49-013-06281 v oodring 23X-24 23X-24 43.21879 -108.59271 4/ 5/1964 1964 15 98.1 1,250? 184.4 N ne B 1066 Invert 
49-013-08017 R Lmner Herfords 44-17 44-17 43.23091 -108.65981 5/ ~/1964 1964 lE 31.9 1,292? 183.8 N ne B 1108 Invert 
49-013-06424 ( ovt 34-33 34-33 43.27444 -108.64449 5 /27/1964? 1652.9G 1,558 ? 183.8 ') E ') Invert 
49-013-06363 c ovt Tribal33X-10 33X-10 43.25019 -108.62528 12 6/1964 1983 1 643.2 5,863 1 25.7 67.4 0 23 27871 Invert 
49-013-06387 T ibal Pavillion 24X-3 24X-3 43.26151 -108.63161 11 ~0/1965 --- 16 1.7 1,492 1 02.2 188. 1 9 7 R 759 Invert 
49-013-06355 1 -11 14-11 43.24649 -108.61341 12 10/ 1965 - - 1633. G 1,503 ? 185.3 ? E ') Invert 
49-013-06917 n D 13-13 13-13 43.27589 -108.55431 1/ 20/1966 ~ 1637.1 G 1,177 ') 186.8? R ') "Chern Gel" 
49-013-20062 T ibal Pavillion 31-15 31-15 43.24194 -108.62519 2/ 6/1968 --- 163 .2 1,050 ') 205.7? N ') Invert 
49-013-20084l'v axson 32-9 32-9 43.25278 -108.64511 5 /27/1968 19 8 1642. 1,070 1 57 187.8 N ne B 882 Invert 
49-013-20298 v . E. Lloyd WEL 43.26011 -108.62528 2/ 23/1972 19 1 1639. 4,747 1 25.7 277.7 ') N ') "Chern Gel" 
49-013-20414 L nit 41X-10 41X-10 43.25511 -108.62201 1/ P/1973 1981 lE 35.6 1,538 1 24.1 188.7 418 p 229 Invert 
49-013-20454 I ID 14-20-258 41X-2 41X-2 43.26944 -108.60241 11 ~9/1973 --- 16 0.1 1,526 1 72.9 185.0 ~ A ') Invert 
49-013-20457 T ibal Pavillion 31X-3 31X-3 43.26949 -108.62556 12 ~7/1973 --- 16 4.1 1,569 1 28.4 188. 43 0 Invert 
49-013-20442 v .H. Paul Patent 42X-11 42X-11 43.25349 -108.60231 111 fJ/1974 --- 162 .9 1,533 1 16.5 183 .2 ') A ') Invert 
49-013-20443 l nit42X-12 42X-12 43.25444 -108.58139 111 fJ/1974 --- 163 .0 1,509 1 54.6 184.4 ') A ') Invert 
49-013-20456l nit 31X-14 31X-14 43.24071 -108.60569 1/1 fJ/1974 --- 162 .2 1,569 1 58 185.0 ~ A ') Invert 
49-013-0491 Cl irC Day CCD 43.20167 -108.67991 5/1 6/1974 19 4 1634. 2445 10 0.2 194.5 ~one B 2251 Invert 
49-013-20581 T Rl-22 TRl-22 43.22741 -108.62019 2/7 1976 1986 1 ~22.8 1,280 1 04 186.5 7' 3 607 Invert 
49-013-20586 T ibal 1-21 1-21 43.22741 -108.63944 3 /17/1976 19 6 1627. 1,209 1 73.5 190.5 None B 1019 Invert 
49-013-20598 T ylor Patented 1 TP 1 43.22806 -108.61041 5/1 ~/1976? 1610.0 1,222 ') 127.4? N ') Invert 
49-013-20602 T iball-31 1-31 43.27409 -108.56089 7 /23/1976 19 7 1631. 1,174 1 38.1 125.3 ') N ') Invert 
49-013-20654 T ibal Unit 1 TU 1 43.22849 -108.61409 11 ~/1976 1982 lE 13.3 1,119 1 82.3 200.3 <549 <349 Invert 
49-013-20668 B ankenship Fee 4-8 4-8 43.26556 -108.64009 3/ f\/1977 --- 164 .1 1,586? 135.3 514 R.P 42 Invert 
49-013-20700 R 3land Patented 34-13 34-13 43.27528 -108.63379 8/3 111977 ~ 1615.4 1,981 1 28.3 147.2 ') N ') Invert 
49-013-20748 s oshone-Arapahoe 24-11 T24- 1 43.24556 -108.49179 5/1 ~/1978 1978 lE 08.1 G 4,564 ') 457.8 N one B 4106 Invert 
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49-013-20775 T ibal24-4 24-4 43.22849 -108.59569 5 /22/1978 19 8 1622. 1,216 1 99.7 120.7 None B 1095 Invert 
49-013-20764 I oles Unit 44-15 44-15 43.23056 -108.61959 6/ 1978 --- 16 9.5 1,638 1 23.5 189.6 198 8 Invert 
49-013-20854 l nit21-11 21-11 43.25521 -108.61039 3 /14/1979 --- 1632.2 1,555 1 21.1 187.5 466 279 Invert 
49-013-20855 T ibal Pavillion 12-13 12-13 43.23959 -108.59556 5/1 tU1979 2001 lE 24.0 1,646 1 90.3 175.6 2'0 114 Invert 
49-013-20875 l SA Tribal258 41-9 41-9 43.25651 -108.63981 8/ ~/1979 --- 164 .3 1,585 ? 184.1 2 4 90 Invert 
49-013-08274 T ibal Unit 2 TU2 43.22841 -108.60556 8/ fl/1979 1979 lE 11.5 1,309 ') 199.6 8 8 638 Invert 
49-013-20876l SA Tribal258 22-10 22-10 43.25194 -108.63222 10 13/1979 --- 16 8.4 1,570 1 24.1 185.3 550 365 Invert 
49-013-20965 c rrett 1 Gl 43.24167 -108.67261 10 ~ 111979 1 79164 .1 1,675 ') 200.9 N ne B 1474 Invert 
49-013-20889 l SA Tribal258 21-15 21-15 43.24209 -108.63139 12 ~/1979 --- 163 .8 1,585 1 58 188.7 ') A.KP ') Invert 
49-013-20879 l nit 44-10 44-10 43.24649 -108.62161 1 2/17/1979 - - 1642.1 1,585 1 27.2 184.4 585 401 Invert 
49-013-20878 l nit 22-12 22-12 43.25306 -108.59269 1 /17/1980 --- 1622.8 1,585 1 33.6 178.6? A ') Invert 
49-013-20857 T ibal Unit 238 11-14 11-14 43.24151 -108.61299 2/5 1980 --- 16 8.5 1,600 1 31.1184.1~ N ') Invert 
49-013-21026 T ibal Pavillion 16-28 16-28 43.29028 -108.52409 7/1 6/1980 ~ 1612.7G 1,386 ~ 163.1 ~ N ') KCl polymer 
49-013-21086 F nayson 1-17 F 1-17 43.23139 -108.66556 9/7 1980 1980 1 ~45.0 1,710 1 21.7 190.5 None B 1520 Invert 
49-013-21128 T ibal Pavillion 14-2 14-2 43.26021 -108.61583 5/ ~/1981 --- 163 .9 G 1,577 1 07.1 182.6 677 R.P 49 Invert 
49-013-21088 v est Pavillion 1-8-lB 1-8-lB 43.25619 -108.66944 6/1 ~/1981 1981 lE 73.0 G 1,587 ') 183.5 N one B 1404 Invert 
49-013-21130 T ibal21-9 21-9 43.25639 -108.65011 6 /24/1981 19 2 1642. 1,617 1 07.7 248.4 318 70 Invert 
49-013-21129 l nit 12-3 12-3 43.26659 -108.63569 7/8 /1981 --- 1644.4G 1,590 1 43.3 185.9? A ? Invert 
49-013-21157 R nner Herfords 1 RH 1 43.23056 -108.65949 10 rl/1981 1981 lE 32.8 1,221 1 18.6 185.9 None B 1035 Invert 
49-013-21087 J hn K. Coolidge 1-4 1-4 43.26306 -108.64944 5/ P/1982 --- 164 .7 1,143 1 72.3 200.6 <3 96 <1 5 Invert 
49-013-21302 T iball4-24 14-24 43.21631 -108.4725 9/22/1982 19 2 1575. 2,698 1 92.6 315.5 <579 <264 KCl polymer 
49-013-21346 F ke Tribal A-1 A-1 43.29259 -108.64449 4/ p/1983 --- 167 .6 1,635 1 10.1 184.7 515 330 Invert 
49-013-21312 c ean Lake Triball-15 1-15 43.23789 -108.51091 4/ ~/1983 1990 15 83.4 4,807 1 43 304.8 < 189 <8 ~4 Invert 
49-013-21421 T ibal B-1 B-1 43.29539 -108.65472 9/1 9/1984 19 4 1671. 1,674? 181.4 ') A ') Invert 
49-013-21670 p villi on Fee 33-11 33-11 43.24846 -108.6039 9/15/1993 --- 1627.6 1,539 1 51.6 190.8 <91 0 KClpolymer 
49-013-21669 p villi on Fee 12-11 12-11 43.25227 -108.61483 10 19/1993 --- 16 2.8 1,976 1 05.8 191.1 2 68 77 KClpolymer 
49-013-21676 T ibal Pavillion 11-10 11-10 43.25648 -108.6348 12/29/1993 - - 1642.( 2,463 1 44.5 190.5 7 2 602 KClpolymer 
49-013-21696 T ibal Pavillion 42-10 42-10 43.254179-1 8.62039 6/15/lS 94 --- 1636.2 1,827 1 09.5 190. 8 7 9 R(3) 598 KCl polymer 
49-013-21691 T ibal Pavillion 31-10 31-10 43.25633 -108.6246 6/25/1994 --- 1637.4 1,820 1 08.9 182.3 6 44 462 KClpolymer 
49-013-21692 T ibal Pavillion 23-10 23-10 43.24889 -108.63068 7/1 5/1994 --- 1647.7 1,829 1 42.4 184.4 •)I ') KClpolymer 
49-013-21704 T ibal Pavillion 43-10 43-10 43.24925 -108.62076 9/ 111994 --- 1639.2 1,815 1 13.8 195.4 •)A ') KCl polymer 
49-013-21693 T ibal Pavillion 33-2 33-2 43.26208 -108.60522 11 ~/1994 --- 1631.6 1,676 1 26.6 192.0 61 0 KClpolymer 
49-013-21697 T ibal Pavillion 23-1 23-1 43.26396 -108.59019 11 11/1994 --- 1651.7 1,617 1 77.8 182.9 5 94 411 KClpolymer 
49-013-21695 T ibal Pavillion 41-15 41-15 43.24277 -108.61865 11 ~3/1994 --- 1631.0 1,989 1 38.1 185.0 ') N ') KCl polymer 
49-013-21720 T ibal-Pavillion 43-6 43-6 43.26299 -108.5767 5/26/1995 --- 1621.2 1,219 1 08.3 128.0? A ') KCl polymer 
49-013-21806 T ibal Pavillion 23-11 23-11 43.25071 -108.60653 2/9 1998 --- 16 1.0 1,689 1 13.2 167.0 <152 0 KCl polymer 
49-013-21834 T ibal NP 31-llX 31-llX 43.2848 -108.57413 11 19/1998 --- 1677.6 4,359 1 58.2 705.9? E ') KCl polymer 
49-013-21904 p villion 13X-3 13X-3 43.26333 -108.63417 111 8/1999 1999 lE 30.7 1,842 1 38.1 192.0? I ') PHPAILSND 
49-013-21905 p villi on Fee 42X-9 42X-9 43.25278 -108.63806 2/1 1/1999 --- 1647.1 1,554 1 55.8 185.9 518 332 LSND 
49-013-21866 p villion Fee 41-11 41-11 43.25556 -108.6000 2/12/1999--- 1627.3 1,554 1 32.7 169.2 76 0 LSND 
49-013-21862 T ibal Pavillion 33-10 33-10 43.24917 -108.62556 5/6 1999 ---- 16 7.3 1,820 1 55.2 156.7 2(7 50 PHPA/LSND 
49-013-21907 T ibal Pavillion 33-3 33-3 43.26306 -108.62556 5/ 5/1999---- 164 .0 1,190 1 22.3 154.5? I ') PHPA 
49-013-21906 T ibal Pavillion 44-3 44-3 43.25944 -108.62111 6/ fJ/1999 ---- 163 .9 1,832 1 10.4 171.6 6 71R 499 PHPA/LSND 
49-013-21840 T ibal Pavillion 15-21X 15-21X 43.24055 -108.62952 7/ 1999 ---- 16 8.3 4,919 1 66.8 244. 8 ') I ') Invert 
49-013-21968 T ibal Pavillion 32-10 32-10 43.2533 -108.626 5/10/2000 --- 1643.2 1,707 1 05.8 190.8 61 0 419 LSND 
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49-013-22058 p villion Fee 13-11 13-11 43.24861 -108.61306 2/ ~/2001 ---- 163 D.1 1,768 1 05.2 186.5 <2 44 <58 PHPA 
49-013-22057 p villionFee 21-13 21-13 43.24083 -108.58861 2/ ~/2001 ---- 162 D.O 1,067 ? 134.7? N ') Deep Drill® 
49-013-22068 T iba1 Pavillion 43-2 43-2 43.26333 -108.59972 3/1 2001 ---- 16 4.6 1,036? 109.7 < 07 0 UnknownR 
49-013-22070 T iba1-Pavillion 13-2 13-2 43.26371 -108.6158 3/8/2001 ---- 16 3.7 1,036? 123.11'8 75 DeepDrill® 
49-013-22101 T iba1-Pavillion 24-1 24-1 43.261667- 108.59056 3/ ~/2001 ---- 163 .7 1,036? 125.0 1 2 0 LSND 
49-013-22026 T iba1-Pavillion 32-1 32-1 43.26722 -108.58278 3/ ~/200 1 ---- 165 .6 1,030? 109.7 1 2.9 73 LSND 
49-013-22072 T iba1 Pavillion 34-2 34-2 43.26023 -108.60533 3/ fl/2001 ---- 163 .2 1,036 1 22.9 118.0 1 5 0 LSND 
49-013-22069 T iba1 Pavillion 12-6 12-6 43.2675 -108.57555 3/ f//2001 ---- 162 D.O 1,097 1 85.7 120.4? N ') Deep Drill 
49-013-22027 T iba1 Pavillion 44-1 44-1 43.26027 -108.58027 3/3 1/2001 --- 1638.0 1,067 ') 111.9 < 22 <10 LSND 
49-013-22099 T iba1 Pavillion 14-10 14-10 43.245833 -1 8.635 4/13/2001 --- 1640.7 1,067 9 4.75 110.3 4 2 332 Deep Drill® 
49-013-22104 p villionFee 13-15 13-15 43.23583 -108.63389 4/1 fl/200 1 2006 1 E 32.5 1,113 ') 132.9? N ') PHPA 
49-013-22102 p villionFee 12-11W 12-11W 43.25194 -108.615 5/3/2001 --- 1632.5 991 ? 131.1554 R 463 LSND 
49-013-22087 p villion Fee 34-3R 34-3R 43.26028 -108.62528 5/4 2001 --- 1638.6 1,097 1 15.0 110.3 668 558 PHPA 
49-013-22059 p villi on Fee 11-11 11-11 43.2551 -108.61361 5/1 r712oo1 --- 1632.2 1,782 1 01.6161.8 <91 R 0 PHPA 
49-013-22061 T ibal Pavillion 12-5 12-5 43.2675 -108.55555 5/ ~/2001 --- 1621.5 1,058 ? 112.2 4' 4 382 PHPA 
49-013-22060 p villi on Fee 13-12 13-12 43.25083 -108.59306 6/1 2001 --- 1622.5 998 ') 99.7 28( 180 LSND 
49-013-22103 p villi on Fee 34-11 34-11 43.24514 -108.60531 6/1 ~/2001 --- 1628.5 1,024? 161.5? A ') "gel" 
49-013-22128 T ibal Pavillion 13-1 13-1 43.26433 -108.59553 6/ 8/2001 --- 1652.3 1,071 ~ 163.1 ? N ') LSND 
49-013-22105 T ibal Pavillion 11-12 11-12 43.25639 -108.59422 8/3 2001 --- 1626.7 970 ? 164.3 1 2 0 LSND 
49-013-22125 p villion Fee 21-10 21-10 43.25625 -108.63078 8/1 p;2oo1 --- 1641.0 1,807 1 15 201.2 6 2 491 LSND 
49-013-22145 T ibal Pavillion 43-1 43-1 43.26378 -108.58139 9/1 2001 --- 1648.7 1,128 ? 162.2 1 0 PHPA 
49-013-22144 T ibal Pavillion 33-1 33-1 43.26381 -108.58536 9/6 2001 --- 1646.8 1,059? 163.1 1 0 LSND 
49-013-22126 T ibal Pavillion 12-7 12-7 43.25265 -108.57613 9/8 2001 --- 1621.8 1,021 ? 164.0 ') N ') LSND 
49-013-22188 p villion Fee 21-10W 21-10W 43.25625 -108.63039 9/1 ~/2001 --- 1640.4 1,341 1 11.9 189.0 4 42 253 LSND 
49-013-22186 p villion Fee 23-12 23-12 43.25072 -108.58917 9/1 f//2001 --- 1621.5 994 ? 162.8 1 0 LSND 
49-013-22147 T ibal Pavillion 44-2 44-2 43.26011 -108.60217 9/ ~/2001 --- 1634.3 1,250 1 21.1 162.8 ') A ') ') 

49-013-22172 p villi on Fee 31-9 31-9 43.25686 -108.64486 9/ W2oo1 --- 1645.6 1,050? 162.8 6 0 LSND 
49-013-22149 T ibal Pavillion 34-10 34-10 43.24658 -108.62526 10/6/2001 --- 1646.5 1,747 1 146.4 197.5 <188 0 LSND 
49-013-22146 T ibal-Pavillion 34-1 34-1 43.26083 -108.58639 10 13/2001 --- 1639.8 1,020 ~ 162.8 ') A ') LSND 
49-013-22150 T ibal Pavillion 21-12 21-12 43.25639 -108.59114 10 ~0/2001 --- 1629.2 1,128 ? 107.3 1 9 52 LSND 
49-013-22141 T ibal Pavillion 12-10 12-10 43.25167 -108.63556 11 1712001 --- 1645.0 1,496 ~ 189.6 3 0 LSND 
49-013-22181 T ibal Pavillion 12-1 12-1 43.26778 -108.59169 11 10/2001 --- 1642.0 1,128 ') 162.8 7 0 LSND 
49-013-22191 T ibal Pavillion 42-3 42-3 43.26778 -108.61922 11 16/2001 --- 1641.0 1,227 1 35.4 162.8 < 61 0 LSND 
49-013-22180 T ibal-Pavillion 22-1 22-1 43.26725 -108.59011 11 ~1/2001 --- 1657.2 1,128 ? 162.5 4( 0 LSND 
49-013-22195 T ibal Pavillion 33-10W 33-10W 43.24869 -108.62681 12 f>/2001 --- 1668.2 1,545 1 54.6 160. 9 2(4 43 LSND 
49-013-22153 T ibal Pavillion 41-3 41-3 43.27056 -108.62056 12 17/2001 --- 1643.8 1,228 1 37.2 157.6 ~ A ') LSND 
49-013-22215 p villi on Fee 22-11 22-11 43.25283 -108.61128 12 15/2001 --- 1632.2 972 ? 189.0 ') A ') LSND 
49-013-22200 p villion Fee 43-11 43-11 43.25089 -108.60044 12 ~2/2001 --- 1627.0 1,219 1 26.3 162.5 <1 22 0 LSND 
49-013-22212 p villion Fee 11-3 11-3 43.27083 -108.63369 119 2002 --- 1647.7 1,216 1 32.4 160.9 ') N ') LSND 
49-013-22198 p villion Fee 41-10 41-10 43.25586 -108.62092 11 ~/2002 --- 1637.4 969 ~ 162.8 H 5 2 LSND 
49-013-22214 p villionFee 13-12W 13-12W 43.2485 -108.59681 11 ~/2002 --- 1624.3 1,227 1 44.9 159.7 0 0 PHPA 
49-013-22229 p villi on Fee 24-3B 24-3B 43.25947 -108.63089 2/8 2002 --- 1641.3 1,731 1 12.9 200.9 <30 0 LSND 
49-013-22220 Pavillion Fee 11-11B 11-11B 43.25697 -108.61594 2/16/2002 --- 1635.3 1,457 1 04.3 170.7 <152 0 LSND 
49-013-22106 p villion Fee 31-11 31-11 43.25703 -108.60528 2/ ~/2002 --- 1629.5 1,207 1 19.6 165.8 <15 0 LSND 
49-013-22207 p villi on Fee 23-3 23-3 43.26411 -108.62944 2/ 1712002--- 1644.4 1,890 1 22 189.0 ') A ') ') 
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49-013-22223 p villi on Fee 3 2-11 32-11 43.25356 -108.60664 3/ 2002 --- 1630.7 1,219 1 16.8 175.0 0 0 LSND 
49-013-22199 p villi on Fee 44-11 44-11 43.24513 -108.60059 3/6 2002 --- 1627.0 1,241 1 36.3 162.2 ') A ') LSND 
49-013-22228 p villion Fee 42-9W 42-9W 43.25308 -108.64158 3/ 112002 --- 1642.9 1,042 ~ 161.8 0 0 LSND 
49-013-22227 p villion Fee 32-9W 32-9W 43.25408 -108.64472 3/ 12/2002 --- 1645.6 1,055 ') 162.2 0 0 LSND 
49-013-22224 T ibal Pavillion 32-10B 32-10B 43.25328 -108.62539 3/ 8/2002--- 1638.0 1,783 1 12.9 189. 65 0 LSND 
49-013-22240 p villion Fee 13-11B 13-11B 43.24961 -108.61672 4/9 2002 --- 1633.7 1,725 1 16.2 188.1 62 5R(4) 437 LSND 
49-013-22219 p villion Fee 14-3W 14-3W 43.26072 -108.63575 4/1 ~/2002 --- 1644.7 1,737 1 27.5 189.0 0 0 LSND 
49-013-22182 T ibal-Pavillion 12-2 12-2 43.26694 -108.61506 12 1/2002 --- 1634.9 1,128 1 36.3 159.1 30 .5 0 LSND 
49-013-22217 T ibal-Pavillion 23-1 OW 23-10W 43.24886 -108.63153 12 19/2002 --- 1648.4 1,399 1 41.8 162 .8 0 0 LSND 
49-013-22418 T ibal Pavillion 23-1 OC 23-10C 43.24789 -108.62947 10 13/2004 --- 16 6.1 1,747? 175.6 ~ ') LSND 
49-013-22270 p villi on Fee 34-3B 34-3B 43.26033 -108.62783 10 t4/2004 --- 16 0.1 1,829 1 05.8 196.6 8 38R 641 LSND 
49-013-22236 T ibal Pavillion 24-2 24-2 43.25989 -108.61097 11 ~/2004 --- 1636.2 1,202 1 20.8 171.3 2 J3R 42 LSND 
49-013-22417 T ibal Pavillion 23-1 OB 23-10B 43.25047 -108.63122 11 5/2004--- 1649.0 1,721 1 36.3 195. 42 9 104 LSND 
49-013-22274 T ibal Pavillion 33-10B 33-10B 43.24953 -108.62428 12 14/2004 --- 1638.0 1,710 1 24.1 194 .8 6 0 LSND 
49-013-22272 p villi on Fee 12-11B 12-11B 43.25422 -108.61597 1/1 f\/2005 --- 1634.3 1,177 1 01.9 167.9 3 11R 143 LSND 
49-013-22420 T ibal Pavillion 43-10B 43-10B 43.24761 -108.62094 1/ fl/2005 --- 1657.8 1,756 1 36.3 193. 9 3 7 R.P 16 LSND 
49-013-22222 T ibal Pavillion 24-11 24-11 43.24517 -108.61017 11 p12oos --- 1630.7 1,197 1 28.7 160.9 177 16 LSND 
49-013-22268 p villion Fee 31-10B 31-10B 43.25494 -108.62822 1/ ~/2005 --- 1639.2 1,693 1 11.3 192.0 4 11R 219 LSND 
49-013-22313 p villi on Fee 33-11B 33-11B 43.25061 -108.60636 1/ fl/2005 --- 1629.8 1,212 ~ 155.8 1 6 0 "water based" 
49-013-22599 p villion Fee 44-11B 44-11B 43.24686 -108.60303 1/2 r>/2005 --- 1627.6 1,203 1 33.3 193.5 1 83 0 LSND 
49-013-22216 T ibal Pavillion 21-14 21-14 43.24125 -108.60981 1/ 8/2005 --- 1632.2 1,707 1 50 192.0 ') I ') LSND 
49-013-22243 p villion Fee 13-10 13-10 43.24911 -108.63539 2/3 2005 --- 1642.6 1,739 1 45.5 193.2 ~ N ') LSND 
49-013-22269 p villion Fee 21-10B 21-10B 43.25481 -108.63272 2/3 2005 --- 1640.4 1, 715 1 13.2 193.2 12 65R 1072 "water based" 
49-013-22600 p villi on Fee 43-11B 43-11B 43.24806 -108.60033 2/1 112005 --- 1626.1 1,203 1 31.7 192.9 0 0 "water based" 
49-013-22324 T ibal Pavillion 42-1 OB 42-10B 43.25219 -108.62019 2/1 ~/2005 --- 1635.6 1,708 1 09.2 189. 30 0 LSND 
49-013-22271 p villi on Fee 22-11B 22-11B 43.25147 -108.61264 2/1 r>/2005 --- 1632.5 1,372 1 10.7 192.3 0 0 "water mud" 
49-013-22419 T ibal Pavillion 32-10C 32-10C 43.25222 -108.6275 2/18/2005 --- 1640.1 1,225 ') 190.8 3 0 LSND 
49-013-22314 p villion Fee 22-11C 22-11C 43.25431 -108.60886 2/2 ~/2005 --- 163 .6 1,173 9 5.55 193.5 ')N ') LSND 
49-013-22634 p villion Fee 44-4 44-4 43.25944 -108.63994 3/1 5/2005 --- 164 .1 1,737 ') 186.2 s L LSND 
41-013-22255 T ibal Pavillion 12-12 12-12 43.253 -108.59683 3/1 1712005 --- 1625.8 1,205 1 49.1 193.5 29 oR 97 "water based" 
49-013-22617 T ibal Pavillion 33-2C 33-2C 43.26319 -108.60839 3/ ~/2005 --- 1632.2 1,131 1 27.2 194.8 15 0 LSND/PHPA 
49-013-22627 T ibal Pavillion 13-2B 13-2B 43.26333 -108.61317 3/ fl/2005 --- 1633.7 1,210 1 26 196.6 1 0 ') 

49-013-22633 p villi on Fee 43-4 43-4 43.26261 -108.64022 4/ 2005 --- 1645.6 1,446 1 35.1 182.9 15 0 LSND 
49-013-22625 T ibal Pavillion 33-2B 33-2B 43.26322 -108.60333 4/5 2005 --- 1633.1 1,129 1 34.8 196.6 1 5 0 LSND 
49-013-22623 p villion Fee 14-3B 14-3B 43.25944 -108.63425 4/5 2005 --- 1642.6 1,199 1 28.7 189.0 15 0 Deep Drill® 
49-013-22601 p villion Fee 41-11B 41-11B 43.25703 -108.6025 4/14/2005 --- 1628.5 1,189 1 17.1196.0 27 4 78 ') 

49-013-22635 p villi on Fee 42-4B 42-4B 43.26764 -108.63994 4/1 ~/2005 --- 164 .3 1,209 1 46.1 196.6 19 8 1 LSND 
49-013-22586 T ibal Pavillion 21-11B 21-11B 43.25694 -108.61092 4/1 fl/2005 --- 1632.2 1,181 9 8.47 195. 7 1 0 LSND 
49-013-22246 p villi on Fee 13-3W 13-3W 43.26292 -108.63642 4/ ~/2005 --- 1645.6 1,403 1 26 185.3 1 8 13 LSND 
49-013-22624 p villion Fee 41-10B 41-10B 43.25694 -108.62017 5/7 2005 --- 1637.1 1,171 9 6.39 195.1 15 2 0 LSND 
49-013-226421\ W Pavillion Fee 34-28 34-28 43.28969 -108.64469 5/ ~/2005 --- 1666.6 1,721 1 18.9 196.0 •)"N ') DeepDrill® 
49-013-22259 T ibal Pavillion 32-3 32-3 43.26658 -108.62586 6/1 t/2005 --- 1643.5 1,664 1 13.8 196.3? A ') LSND 
49-013-22171 p villion Fee 43-9 43-9 43.25081 -108.63997 6/1 ~/2005 --- 164 .0 1,728 1 55.2 196.0 31 0 Deep Drill® 
49-013-22258 T ibal Pavillion 22-3 22-3 43.26844 -108.63169 7/1 ~/2005 --- 164 .9 1,676 1 29.6 196.0 < 183 0 "water based" 
49-013-22721 T ibal Pavillion 44-3C 44-3C 43.26136 -108.62278 7/1 fl/2005 --- 1640.7 1,190 1 04.9 196.0 46 0 ') 
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49-013-22245 T iba1 Pavillion 32-2 32-2 43.26949 
49-013-22824 P villion Fee 33-12 33-12 43.24928 
49-013-22819 H ymaker 14-21 14-21 43.24208 
49-013-22825 P villion Fee 22-4 22-4 43.26606 
49-013-22100 T iba1 Pavillion 42-15 42-15 43.23981 
49-013-23068 L onhardt 41-26 41-26 43.1249 

Coordinates for Tribal Pavillion 32-2 incon-ect in welllile -approximate coordinates provided. 

Abbreviations 
AMSL - Absolute mean sea level 
bgs- Below ground surface 
? -Unknown 
PHPA- partially hydrolized polyacrylamides 
LSND - low solids non-dispersed drilling mud 

-108.6039 3/30/2006--- 1640.1 1,609 1 52.8 195.1 0 
-108.58614 4/1 2006 --- 16 9.1 1,682 1 60.7 193.9 61 
-108.49453 5/1~/2006 --- 1606.0 3,597 1 49.0 766.3 ') E 

-108.65239 4/3 2007 1651.4 1,674 1 74.7 158.5 61 
-108.62144 4/1~/2007 --- 1634.6 1,659 1 33 157.6? A 

-108.28517 6/5 2007 2007 1f557.2 2,286 1 07 202.7 N ne 

DeepDrill® is a product ofNewpark Drilling Fluids and is described as a buffered blend ofpolyhydroxyl alcohols. No MSDS on this product was provided to EPA. 

Superscripts 

A- Cement bond log (CBL) conducted at completion but not available 
B -No apparent use of production casing in borehole 
E- Either cement bond log not conducted at completion or not available 
G - Ground elevation estimated from coordinates using "GPS Visualizer" located at: !lli:L~:'£.lJ!I..~lli!!!Z'-<:S<:lJ!I..~!Q!l!Q!l. 
I- Invert mud below intermediate casing at 1236 m bgs at 33X-10 
N- \Veil completion report indicates cement bond or temperature log not conducted at completion 
P - Parted casing, leak in casing, or casing failure 
R- Remedial cement squeeze(s) following primary cement. Number ofCBLs in parenthesis 
T- Top of cement difficult to discern- high amplitude readings in cement bond log 

0 "Ge1-Chem" 
0 "Gel-Chem" 
') KCI polymer 
0 PHPA 
') PHPA 

B 2083 Water based 
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256 Table SI C2. Description of stimulation stages in the Pavillion Field. Information pbtained from well completion reports using API search number 
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P&A after completion in 19S3. "Water sands" at S780' -S810', 714S' -72SO', 7970' -8040', 9000' -9100', Yes 
Filled with "heavy mud" from 2,141 '-11,000'. Cement plug from 2017'-2141' Intermediate casing cut at 
1700' and pulled. No production or stimulation. 

_____ 1, !~~ :'!'. ~p~~-~~~ }i_t;,e_a_r_~<;_l_~~?~ ___ ':"'!. S:.C:?'- l??.~~l_s_f!~~~--~~ !<..'1!~ ~?~:·. ________________________________ . _. ~.? •• 
"137 bbls 7S% C02 foam" 

- ·- · ·- • "Fr;~ ·t;~~t~~i wi~-J R.i~~; i~t~~~~i 3294~-3370; ;~~(F;ti·u~i;;;_ ·i;;_t~r~;;i 37·8·2·:3789·~.-.-;,;hsoo·o g~is-9.-6#;g;i- · • • • • 
salt wtr. .. Totalload 947 bbls wtr...well flowed diesel and load wtr" "Lost lSO bbls KCl fluid" 

- ·- • ·- • "A~i~iz" ~i250o·i;( i:i%" i & Tyi~~~~-~s-aii ~;t~;-~_t;iai ·1;~~(947 11i; ~;.-.. -Fl~-;,;i~g- ~{ ;;t~~.-.i(i66is-;;lt -;,;t~ ·- · • • • • 
and diesel oil/day." Sundry notice dated 2/lS/1980 for workover using "a. 1000 gallS% HCl containing 2 
gals A-200 inhibitor, 2 gals M38W surfactant, 1 gal J-237 diverter, and 3S lbs L-41 iron sequestering agent 
b. SSOO gals 12% HCl, 3% HF mud acid containing 10% U-66 mutual solvent, 22 gals A-200 inhibitor, 11 
gals surfactant, 19S lbs L-41 iron sequestering agent. c. 2SOO gals 3% HCl with A-200 inhibitor, M38 
surfactant, and 12.S gals L-S3 clay stabilizer. Displace with 17.S bbls 3% ammonium chloride water 
containing surfactant and clay stabilizer." 

-·- • ·- • "2"s"o g;il;~; ·;{.;br~;;k:'d~~;;_ -a~id•; [;il~-;,;~ci by-~~~~~t "sq~~~~~~ ·- ·- • ·- ·- • ·- ·- • ·- ·- • ·- ·- • ·- ·- • ·- ·- • ·- · • • • • 
-·- • ·- • "2·s·o giih;~;fci~~~-~Zid;,-foiid~~d-by ~~~~~t"icjti~iie"- • ·- ·- • ·- ·- • ·- ·- • ·- ·- • ·- ·- • ·- ·- • ·- ·- • ·- ·- • ·- · ----
-· -· · -· "2-so· gii b;~;fci~~~-~Zid;,-foiid~~d -by ~~~~~t-icjti~iie- - · • - • - · • - • - · • - • - · • - • - · • - • - · • - • - · • - • - · • - • - · • - · • • • • 

P&A after completion in 196l.Well history missing from well completion report. No 

P&A after completion in 1961. No apparent production well casing. No stimulation or production. No 

-----~--1 "~- OS ----- 1~,9----- "7,9_q _<;:?~.~~a_~:----------------------------------------------------------------------------.~.?.-
X 1 ,21 -----w-1 :12 

---··x-2 :9s 
-----p(-- ---
-----p(--

pc 2 7 s x:· ---
----- x:· 

X 

"70Q C02 foam" 
------- "7o·c; ·caY t;;~;,---------------------------------------------------------------------------- · ----
- - - - - - - ,7-oc; ·ca2· t;;~;,- ---------------------------------------------------------------------------· ----
------- "f~~~ ·a-li ;~il_~~ ,i - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - · ----

------- "f~~~ -a-li ~~~~; ,i - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - · ----

P&A after c~mP.letjon in 1963. No apparent production well casing. Well history missing from well 
completion report. No record of production or stimulation. 

No 

Completed in 1963. Perforated in three intervals in WR Formation. Put into production on 6/11/1963. P&A No 
in 1974. No information on stimulation. 

____ -~ <!. ____ 2,n? :·:r.: t!l!~F:r~l2~~ ?~. ~~t;,s_ S:s:!~·.-;~~~9-~a_l2 -~~~~!~ ___ a_t;~l;'~ ____________________________________________ . ~.? •• 

0 

2 

"lSOO gallS% HCL" ------- "Ys"oo g~i i 5% iicL'·~------------------------------------------------------------------------. ----
- ·- • ·- • "i~j~~t~ci- i:i,ooo· g~il;;;_~ "Iii ar;s-ei i~id i~t~~~;is- 3636·~3045; ;;;_ci-3744·:3780~ ·r~-;ti'ti'cirj" ;;_;;i~~ ·ci;t~ci-- ·- • ·- · • • • • 

3/2S/1993 plan to "plug back water bearing perforation in the Fort Union at 3744-3780." 

Perforated in WR Formation. Completed in 1963 as a shut-in well and P&A unknown time later. Well No 
history and completion information missing. 

898 Recompletion in 1999. "HES 70Q foam, 4 gal/M HgClean, 4% KCl" on 12/8/1999. Numerous perforated No 
and squeezed intervals. No documented production or stimulation prior to recompletion. 

1,130 Pre duction from Fort Union Formation. Informa tion on completion and possible stimulation missing from No 
well completion report. 
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14-6 WR 0 27 Production from Wind River Formation. Information on completion and possible stimulation missing from No 
well completion report. 

32-4 u &A after completion in 1963. Information on well history missing from completion report. No apparent No 
production well casing. No stimulation or production. 

24-14 FU 2 1,834 Pro duction f rom base of Wind River Formation. Five perforated intervals between 3443'-3515' without No 
stimulation. 

44-20 u &A after completion in 1964. No apparent production well casing or production. Drilling report missing No 
from well completion report. 

23X-24 FU P&A after completion in 1964. No apparent production well casing or production. Cement plugs at surface, No 
522'-675', 2035'-2200', and3765'-3930', 

44-17 u &A after completion in 1964. No apparent production well casing or production. No 

34-33 u erforated at 2566' -2588' in WR Formation. No information on stimulation or production. Well history No 
missing from well completion report. P&A date unknown 

33X-10 9 ~6.3 WI 2122 1965 21.36 16.5 6.89 X 5 897 0 0 In 1964, acidized in Frontier Formation with "15,000 gals MCA." In 1964, "sptd 500 gals 15% HCl on perfs Yes 
[in WR Formation] & broke formation down w/1400 psi TP (600 psi CP) ... totalload 532 bbls. "Frac treated 
Wind River pers ... l5,000 gals 9.6#/gal salt water containing fluid loss additives ... Totalload 933 bbls" 
Completed in 1964. P&A in 1983. Drilled to Madison Formation. 

24X-3 13 p9.4FU 4/28/ 966 1.0 8 27 X 2 9,653 "Tr ated ... w/1000 gal P-12 solvent (Dow) contai ning 10 gal free-flo 'C"' No 

14-11 WR 2 1,426 Pre clueing from Wind River Formation. Perforat ions from 3192'-3864'. Well completion report is not No 
available. 

13-13 10 8.0WR 9/7/1 ~65 16.55 23.0 24.82 19.31 X 2 268 "Breakdown with ... salt water. .. spearhead frac with 500 gal. 15% HC!. Frac with ... 5000 gal4% salt 
water." ------- iii99~7- li9i ii965 "14~48 ----- ------ ---- ----- ----- ----- --- --- ------ ----- ------- "B;e~k-cio-~~ -~ith-7 so "iai -s~i£ ;,~t~;. ~.-I~} ·s-oo g~r iS%-iicf. -F r~~-;,;£h.:.-{i,iioo· g~{ 4o/~ ;~it -~~te~ :·; - - - - - - - . ----28.5 14.48 X 5 443 . -.--.-., 

iii99~7 li"ll 6ii965-.-. ----- ------2r6 i8.9ii ii.s"s" ----- x-·s 443 ------ -.--- . -.--.- "Dre·s~i [;;.; ;;ith 24oiio g~i cii;s-ei.~··-.--.-.--.-.--.-.--.-.--.-.--.-.--.-.--.-.--.-.--.-.--.-.-- •. 

32-9 u P&A after completion in 1968. No apparent production well casing or production. Cemented intervals 567- Yes 
b67', 1200-1300', 3200-3300' during P&A. 

WEL 47~ 9.3 F 6/ 4/19 1 Drilled to Mowry Formation. Acidized i'n Frontier formation with 50,000 gal7-112% HCl and 1000 gal KC!. Yes 
1979. P&A in 1981. 

41X-105 p 1.4 WI 2171 973 19. 1 13.79 X Invert mud contained up to 78% oil while drilling. "Frac treated ... as follows ... 9# KCl wtr containing 5# J- Yes 
133/1000 ga1...2500 gallS% HCl containing 5# J-133/1000 ga1...9120 gal9# KCl wtr containing 40# J-133, 
20# J-110 and 1 gal F-63/1000 gal, 1# J-134 and 400 scflbbl nitrogen ... l460 gal 9# KCl wtr containing 
560# J-133, 300# J-110, 15 gal F-63, 2.gal J-34 and 139,000 scfnitrogen ... flushed w/9# KCl wtr containing 
5# J-133/1000 gal... Well flowed back approx. 600 BLW since opened to pit ... considerable amt ofwtr." 
Completion report indicates that 2675 bbls of water flowed to pit between 2/7/1975-3/7/1975. On 
3/9/1975, "A total of 145 bbls 9.23/gal K.CL water was used to keep well under control. .. flowed control 
water to pit. Flowed 142 bbls in 10 hrs." Between 3/12/1975-3/26/1975,745 bbls of water flowed from well. 
In correspondence dated 5/27/1980 [not in well file- obtained from landowner], 41X-10 recommended for 
plugging and abandonment because of "problems with water production and casing failure. " in 1981 
with cement plugs ( 40 each) 2400', and 

--.-.-- ----------- ---------- --------------- -.--- . -.-- ----- --- --- ...... . . . . . ....... .......................................................................................... ., .... 
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1232.6 u 2/ /1979 6.04 .82 22.75 X 4 ,17 While perforating FU Formation "Flowed well to pits continuously." "Controlled well w/4% KCl wtr w/clay 
stabilizer & surfactant. Lost 80 bbls to form while doing so ... acdz'd gross perf 4044-4450 w/4000 gals 15% 
HCl acid ... Opened well to pit & cont' d to flw to pit overnight to cleanup." "Foam frac treated with 90,000 
gals to qualify foam, 1,950,000 SCF nitrogen & 645 bbls gelled KCl wtr for sd carrying agent. Total load to 
rec 645 bls." ISIP for acid stimulation~ 4.14 MPa. Updated well schematic in WOGCC (2014). 

41X-2 WR 1/28/1973 17 perforations from 1554'-4398' with diesel oil to control well. No documented stimulation or gas No 
production 

31X-3 39 ~.6WR /30/ 001 pl. 0 1,215 Completed in Dec 1973 with 27 holes from 1665 '-4988' and 8 holes 3154' -3161 '-no apparent stimulation. No 
Stimulated in Aug 2001, "Frac 1298-1309" 

42X-ll WR 0 222 30 perforations from 2014' -4741' and 3 perforated intervals from 3773' and 3793' during initial completion No 
n 1974. No documented stimulation fluids. 20 perforated intervals added during recompletion in 2001. No 

documented stimulation. 

42X-12 1 49.7F 111 ( /1974 X 0 295 "400 gal 15% HCl" No 

31X-14 WR 2 7,691 Producing from Wind River Formation. Perforations in Wind River and Fort Union Formations during initial No 
completion in 1974- no apparent stimulation. 

CCD MV P&A after completion in 1974. No apparent production well casing. No stimulation or production. Water at No 
2715'. Converted to water well. 

TRl-22 9 ~1.6 WI 2171 980 X 0 5,281 In Sundry Notice dated 2/7/1980, "Proposed procedure ... Acidize well using a 3 stage acid program: a) 500 No 
gal 15% HCl b) 2000 gal RMa c 500 gal 7.5% HCI. Note: all acid should contain 400 cc N2/Bbl acid, 10% 
mutual solvent and a clay stabilizer...Frac well down tubing." 

1-21 u "Lost 80 bbls mud to formation, probably in fractured zone 2738-43 [at 2749'-2790']lost additional60 bbls No 
mud." P&A after completion in 1976. No apparent production well casing. No stimulation or production. 
Cement plugs at 550'-700', 3500'-3650' and 3830' -3965'. 

TP 1 WR 0 5,607 7 p rforated i ntervals between 3406-3572. No record of stimulation. No 

1-31 WR erforations at 2900' and 3580'. Well completion report not available. No 

TU 1 WR 0 220 Perforated from 3460'-3537'. No record of stimulation. No 

4-8 ?~~:~~ R2/ 2/2005 13.1 26.05 18.0 39.38 X 1 ,!? 365 63 110" rae slick ~~e!" )9~-~~~ _______ ~ __ s:'_VP1!i!<:.~ .:'.:<:.1! _s~~~;::~t!~ !1.: _\Y_Q<;>_c;<;:_(2_o_1_4): ______________________________ . !~~-------- R:2i horf5- is~ii ----- ------ ---- ----- ----- -----
~!~}_:: 38. 4 9.45 X 9 ,25 "Frac: slickwater...l21-bbls 6% KCl, 28.5 tons of C02" ------- ---------- ----- ------ ---- ----- ----- -----p('6 ~23 ------ ----- ------- ·'s<io g~i is% i36A: ffi~ ~;io2~ooii -ii1i~ti; ;r-g~i ~~t-e~ :.-.3oo·s-cfpb-tiiti~iiti"-------------------------- · ----1484.4 u 3/ 6/1977 

34-13 u 0 90 erforations from 2664-2676. Information on well completion missing. No 

T24-ll P&A after completion in 1978. No apparent production well casing. No stimulation or production. No 

24-4 WR P&A after completion in 1978. No apparent production well casing. No stimulation or production. No 

44-15 12 5.3 FU /3/1 76 22.06 9.65 4.83 X 2 1,~~~ ~'_1? O_f!.!.i~~} ?J-2 .Ii~J:·: ~~s- __ p_l~d- :v!?? -~~1~ -~"("- ~-c;J- :"!::-:• ______________________________________________ . ~.? __ ------- i367:3- u4i 8ii978 24'.i ~::::: 
----- ----- ----- --- --- ------

15.17 24. 3 6.21 X "Acdz'd w/1500 gals 15% HCI. .. Displ'd w/32 bls 2% HCI." -------., mo~i u4i 5ii978Y5-.s ir79. -.--- i6.34' ----- x· --- ------ -.--- . -.--.- ,-s-P't~ci 7so·i;l~ • i5%"fici.: .·r5is'P"r'd- ~~i'd. ;,i29"h'h'l~ "i%"K."cf·;- • ·- ·- • ·- ·- • ·- ·- • ·- ·- • ·- ·- • ·- ·- • ·- ·- • ·- • · ----
mo~4 u4i 4ii978 2(i.6 ~.--.- ir79. -.--- 6.55"' ----- x· --- ------ -.--- . -.--.- "Pti'~p- isoo -g·a·l-i5%"frcf ~.-cii~pia~i;;_g ·a-cici -~i46 i>1i; k"ci_;,- • ·- ·- • ·- ·- • ·- ·- • ·- ·- • ·- ·- • ·- ·- • ·- ·- • ·- • · 

mo~4- u4i iii978 33".ii ~.--.- io~34· 4~6- -.--- 6.55"' ----- x· --- ------ -.--- . -.--.- "P~p;ci soo· g~l~ -i.-li2% iicr. ~ni~pi~~~ci·i~i~!~i3s 'h"h1~ "2%-K.cr:·~ • ·- ·- • ·- ·- • ·- ·- • ·- ·- • ·- ·- • ·- ·- • ·- • · 

21-11 95 .3BW 3/12/1979 1 .79 6.89 4.83 X 5 897 0 335 Acidize w/850 gals 7 112% HCl w/2 als C-17, 2 gals J-501 II, 8 gals J-38 & 25# citric acid. Frac w/15000 No 
R gals YE4P5D fluid ... Pump 5000 gal 3% HCl acid, displace w/2% HCl water." 13 perforated intervals from 

1681-2750 in April2001 without apparent stimulation . . -.--.-., ----- ----- --- ------ -.--- . -.--.-
i2ir7 li2i 3ii979- ••• ir4i" 4~5i ~4i-. 5.52"' x· "Y.~~p:~ f~~ :~a}~ 7: f(~~:r:r~( :-~:~~(S:~~~~.:~ ~~!~ ~~~~.: f~ :~a}~~-?~:~ !~:&~1~ :~:~~-:·::::::::::::::: :. :::: --.-.-- ----------- ---------- --------------- -.--- . -.-- ----- -.- --- ------ -.--- . -.--.-
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1471.6 u 2/ 1/1979 13.79 4.S 2 .06 6.89 

~~-_1_3_ ??. ~~~ ~!~/- P._<!_l_--.-.-. --------------­
·- ·-- ·-· mN-TI\~ ~l05§ 24-.s~- --- ·ir72-- ---
------- i296~o-u3i 9ii979 ___ _ 

41-9 S60.~ WR 1 /112Gp4 
------- 634~6\:\ Rio ih<io4·---
------- 688~2\:\ Rio ii2rio4·---:::::::-~u~~~~ ~~ };~~:::::: 
:::::::j?~~~~ ~!9 ~~~~:<8::::: 

1129.6 u 10 1/2004 --------·--3ro i6.1Pi 

-------·ii6ri u"lo ii2oo4·--- ----·ir:i9·3ro i7.5"1 

-------·i47r2 li"8i ii979"(s~i7 11.03 4.0 

TU 2 106ti.S WR /24/ 979 

4.14 

-------. io74~4 VR"s 24i19i9--- -----------:--.- :--.--:-.---

22-1060 .SWR 2/14~004 13.00 18. 8 8.14 

:::::::: ~~~~~~ ~ ~~ }1;~:~~1::: ~Hr:::::: ~~~t}:::: ~:i~:: 
::::::: · ~~H~ ~ ~~ }j;~:~~i::: 2~~~L:::::: fP~:::: ~:~~:: 
-------·997~9'F ··1oi ii9797~ss· ---------·To· ----- nr· 

------- · i384~i u"12 i ii2o04-- • 3-(2i -------- 46~t s---- 32.os· 
i396~3"li"12 9i26643"1.9p""""""""""""49~ 9"""" i.94"" 
i468Tu9i 2ii979 ____ --------------- ----- s·.i7--

------··mo~i u9i 2ii979 ___ _ 
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"Breakdown w/1100 gals 7 1/2% HCl w/2 gal M38W, 2 gal A200, 4 gal L-S3 & 2S/L-41. Displace w/9 bbls 
L-S3 water foll'd 9 bbls fresh water." 

"' = .... 

~ 
u~ 
u~ 

8·~ 
~& 

_____ 1 ~- _____ "S.:T J~9!l:g_ t_:I_!J_eJ f!~~ _2_S_6_ ~~!s.~ _1-~~ ~~~~~"~ .l!l?~~e_d_ :v.el! ~~~~~-a!~c- i_t;, ~?.<!S:.<:: S~9I ~L ______________ .! :~ _ 
"Acidize w/4000 gals 7 112 % ... Frac BWR ... versa gel" 

- ·- • ·- • "Fr~~ -6~fthj 4"hhis" [s3+"(s" hhis- [53-~t;-i"6bbis·;~i~f·; ;i~~t tf;{i~;~d; ;[11i~ 'KCi ;:; "B;s-ai ·;r~d ~r;e·r~,; • ·- · • • • • 
- ·- · ·- • "A~icii~~ ~i6ooo is~is- ;;t;_;,- 42s2:4ssc)·W£t;,- ·- · ·- ·- · ·- ·- · ·- ·- · ·- ·- · ·- ·- · ·- ·- · ·- ·- · ·- ·- · ·- ·- · ·- · • • • • 

1S,S93 " 4 bbls 6% KCl, 16.3 tons C02 ... Frac down casi ng" No 
------- .. ·;;s· bbis- 6% "KCi: i6.3-i;~s- coi.~.F'r~~ -ci~~~-~;siitis~----------------------------------------------. ----
------- ·'l;"2"i;i;is-6% K:Ci,-i6.3·i;n"s-co2.~.F'r~~-ci~~~-~isiitis~----------------------------------------------. ----
------- "1Pi bbis-60;; "Kci,"i 6.3" i;n"s-coi·;--------------------------------------------------------------. ----
------- ''1 (j(j bbis" 6o/~ 'Kci: 26.4" ;;n"s" co2·;-------------------------------------------------------------. ----
------- ''l(i3-bbis- 6o/~ 'KCi,-26.4-;;n"s-co2·;-------------------------------------------------------------. ----

-·- • ·- • ·'128 i;i:,i; 6% 'Kci," 24.-4 ;~~; c"62." i 8:s43 g~i 7riQ ·ca2· wti25~.~F';;c· ci;;;n" ~~~i~-i- ~- i~ p;;p;~~d rii~t~in"i · · · · 
schedule "Pumping schedule to achieve a propped fracture half-length (Xf) of 82.9 ft with an average 
conductivity of(Kfw) of3383 md.ft ... gel cone 7.Slb/mgal" ----- x- 2 :2 i ------ ----- ------- -r~'"u"t -stfrit~i;t;;~ ~~P;;t ~.2-8"1 bbis- 6% "Kci,"S i.4 ;;~s-co2: 3.3:656 is~i 7iiQ 'Co2· Wfi2rj::;a·c-d;;;n"---- .. ----
casing". In proposed fracturing schedule "Pumping schedule to achieve a propped fracture half-length (Xf) 
of 197.6 ft with an average conductivity of (Kfw) of S366 md.ft...Gel cone 7.S lb/mgal." Composition of 
WF12S from stimulation report: 2.00 gal/mgal Fl03 surfactant, 3.00 gal/mgal Fl04 foamer, lS.OO lb/mgal 
J218 breaker, 1.0 gal/mgal J318 liquid breaker aid, S.63 gal/mgal B 142 guar polymer slurry, 2.00 gal/mgal 
LSS clay stabilizer. 

X --- ------ ----- ------- ·~r:~;t-ippr~-; "s"o bbi; ~tid i~ "24 b;;_;, ·o~~~rt-~~d-~hii~ d;iiii~gi""At;d g~;~; Ft.-u~i;~-p~rf~ 483"0-5097"-- .. ----

X 

X 6 SS4 2 ----- x- 9 685 

X 6 SS9 
X 1 ,84 ---··x-·1 :ss 
xo ---

X 7 824 
X 2 ,17 x:· ---

with 4000 gal 7.S% HCl containing 2 gals A-200, 2 gals M38W, 4 gals L-S3 and 3S% L-31 per 1000 gal 
acid. Press csing to 1200 psi with invert oil. Pumped 1000 gal acid ... spaced ... ball sealers in next 2SOO gal 
acid. Followed with SOO gal acid without ball sealers. Flushed with 20 bbls 2% KCl water containing 6 gal 
L-S3 clay stabilizer." "A total of 6S bbls invert oil has been pmp' d into well" [to control well]. 
"2SOO gal 7-1/2% HCl" Cement squeeze after stimulation No 

------.- "sriO:is;i H%-H.G:F--------------------------------------------------------------------------. ----

1,363 "85 bbls of clean fluid, 2 2 ton C02" Yes 
------- ''12"9 bbis" ;[ ~j~;~ 'iiti"ici: .".29"t"o;{s" ~{ co2·;-------------------------------------------------------. ----
-·- • ·- • "27"oi;i>is- ;r~i~;~ iiti"ici:.-.i7"t"o;;s·co2·~ ·- ·- • ·- ·- • ·- ·- • ·- ·- • ·- ·- • ·- ·- • ·- ·- • ·- ·- • ·- ·- • ·- ·- • ·- ·- • ·- · ----
------- ''l(is" bbis" ;[ ~j~;~ iiti"ici: .".27"t"o;{ co2·;----------------------------------------------------------. ----
------- "Fr~~~ pii~p "92 i:,i:,i; ;[6% ":KcC.ciid~·i ;~~ ·a·i;;;;k.~ .-~l~~it-fi{iici 242"j;j;f ~.-3-4 i~~; c"62·;----------------. ----
-·- • ·- • "A.'T."p~rf~ 3"2i4-94" ~iiooo·g;l~ "i5%"H"ci & 48 "fr~~ "b"a"!is~."a::ici -c~~"t~;{iitg"i g~i; i~hihit;r: 2" g~is-;ti"r[;~ta~t: • • • • 

4 gals clay stabilizer & 3-S# iron sequestration per 1000 gals acid. Formation broke ... Flushed 20 bbls of 
clay stabilizer water." 

- ·- • ·- • "Fr~~-io h1i~ i; ::~t~f P~~~;ti"r~~ ~.::i~;~ fi~ici-i i9 11i~.-.~ i9 "t~~-co2,- • ·- ·- • ·- ·- • ·- ·- • ·- ·- • ·- ·- • ·- ·- • ·- · ----
-·- · ·- · ,2-66 i;i>i ~i~i~ fi~ici~ .".55 -t~;;s-coi·~ ·- · ·- ·- · ·- ·- · ·- ·- · ·- ·- · ·- ·- · ·- ·- · ·- ·- · ·- ·- · ·- ·- · ·- ·- · ·- ·- · ·- · · · · · 
------- ·'l>-ritp~ci 57-bbl~-91iiis~i "K.ci -;i.S-ii!"P";r-bbib;:i~~-;;;~;r: :2 ~~;fict~~i & :s ::Ey ~tihli~~r-. ~."pritp;ci s·bbl~-K.c!". ----

into formation ... pmp'd 40 bbls 9#/gal KCl@ 3 BPM 600# into formation ... acidized ... w/3400 gallS% 
_______ !iS:l~-;~!~::_~e-~ ;vj~~-~~l_s_ ~~~r_e_s~_':Y!l!~r- ~~l.:!a_i~!t;.l:l5'!~J:: ~!~~l~;;:<;.r~ ____________________________________ . ___ _ 

"Acid treat w/3400 gallS% HCl" 
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X 5 ,79 
SC ---

-------·io7iTiYil i2ii979·-- 13.79 7.0 1 .79 X 

------- · ios4~s D9i ii9s2---- • 

-------·mrs D"i1 2ii979--- • ---- "i6~72- ;3- 3.45"" 

44-10 82p.2 WR 0/14 2004 21.84 8.41 1 .4 3.68 1 .70 X 9 072 2 

------- s69:9--oii4 ~664------ 22~64"8:.32"( ~6-- ----- i9.9i":x·s iis 
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P&A after completion in 1979. No apparent production well casing. No stimulation or production. 
"1000 gallons of 15% HCl". Completion record reviewed by WOGCC in letter to BLM dated 8/14/2012 
concerning of 1,000 gallons of a 15% HCl solution in "compromised" casing between 735 to 1,105 feet 
below ground surface. 

No 
Yes 

·- ·-- ·- "Fr~~ · ;-;e"at ii.w~R.~ .-.~ ~i6o:666 is~is-n·ow£ii:s V :f' 4 "Psi> "ti~~ -ti~ici~·- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- · · ----
·- ·-- ·- "P~iici 345ri g~l~- iso/;:Hci ~;itia"ii"titig 4· g~is·A.:2oo-iilhi6i1.;~: 2 -g·aii M.:3s Vi ,;~f;~ia"~t-4 is;i~T53 -c""l;y-- · · ----

stabilizer 35# L-42 iron sequestration agent/1000 gals of acid" 
------- "A.--r.·. ~~i25oo ·i;( is%· :Hci ~~~ia"i~i~g 2· g~l~·A.:2oo: 2:ia"1~ ·M:3s ·w-:4 is;i; L"-53: 3sit" L=4i -p-e~ "i666 is;i;- · ----

acid ... Displaced acid w/17 bbls fresh wtr containing L-53 clay stabilizer." 
------- ''17-66 is~i1;il;-is%"ficr ,; --------------------------------------------------------------------- · ----

·- ·-- ·- "P~i/ci 25o(i g~l~- iso/;:HcC ."A.~ici ~;ilt~iil~~i 2 g"aE itiliib'it~r: "i g~is" ,;~;f;~;a"~t~ 4"ia"l; ·c·l;y "s'i~biliie·r: 35"ib"s" · ----
S-41 iron sequestration agent/1000 gals ... Dispaced acid w/19 bbls fresh wtr containing 4 gals clay 
stabilizer" 

1,751 Frc m WOGCC (2014), this interval was fracture treated with 150 barrels of C02 assisted gelled water. No 
Updated well schematic in WOGCC (2014) 

·- ·-- ·- "Fr;~~ aiit~t~ii~a"ci 2is-6bl~;,-Fr·o-~W6G"cc· (i6i4): this"i~t~~~~i ~"a; ·fr;~t.;;.~~iti-~;ie"ci ~th 2i8 "6a"ti~is- ~f · ----
C02 assisted gelled water. 

------- "A~rciii~:- 3ooo-ia"i i5o/:i-icF----------------------------------------------------------------- · ----

------- "B;e"ak:-r~r~;ii~i"t-~ith.-6o/: K"ci.~ :t~"t;i fi~id 'P;;~j;~ci-i34 11i,;.; F-;;;;; wo6cc -(2oi4):;, iil-6~i'~6ir-2604---. ----
additional Fort Union Sands were selectively perforated between 3,592' and 4,925', and fracture treated with 
a total of 1,303 barrels of C02 assisted gelled water." 

·- ·-- ·- "Y<iihhis" ~ie"a~- fi~id~tid 2"6 t~~s- ;[c62"s~i ~~t~ "ab~~~-~ti i.;"eiie"ci ;;a"t~;.- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- · · ---­
------- ,9"7" t~~s- co2 "a"n"ci 276 "661; ·;1~;~ "tiJiici"~ "s"e"e" ~~ie" ~f,;~~ -~~ g~il~~i ~;t~r-.------------------------------. ----
------- ·:'KCi 'P~~j;~ci~.-.p~~p "i6 q~iiiY co2· r~;~-rr;~:.~ss -t~~~ ·ca·i ;~~(ii64i g~i ~i~~ti fitiici~·~ s~~ -~~t~-~b'~~~ ~;; ----

gelled water. 
------- "Fr~~~ i64-66i 6% i(ci," i5o "b'b'(coi"- s~~ -n"~t~ ·;-b'~;~ ~;.;ii1i~d ~~t~~:------------------------------- · ----
------- ,2"69 bbis" ~ie"a"n" fi~id -a~-ci 44o "6'61; "co"i," s~~ "n"o"t~ "a'b·~;e· ~~ "i~Iiid ~~t~~-------------------------------. ----
·- ·-- · ~ "A~rciii~:- iSoo"ia"( iSo/: i-icF b;;ri~g ~~~~ti~g -~~ 6ii7;W#, -,~P~p~ ci "36 i:,i:,i; ciiis"ei ·a-h'e"a"ci ~~~d"~is g"ai; · ----

surfactant ... Lost returns last 40 bbls." 

88 From WOGCC (2014) "In April 1993, additional Wind River Sands were selectively perforated between Yes 
1,701' and 2,388', and were not stimulated. 

·- ·-- ·- 6~-i;5ii9so:;, A.~Y B'wR. ·p-e-rK:.4"Jo(i is~is- iSo/: i-ici ~~~ta"i~i~g 2· is~is-i"n"hihit~; "i g~is" ,;~;fa~ia"~t-4 i.;"ai; ~ia"y · ----
stabilzer & 35# iron sequestering agent/1000 gals acid 4100 gallons 15% HCL, 2 gallons inhibitor, 2 gallons 
surfactant, 4 gallons clay stablizer, 35 pounds iron sequestering agent per 1000 gallons acid." On 1/10/1989 
"frac treat basal W.R. w/50,000 gal Titan III-30 gel" and B-11 gel breaker (1# per 1000 gal). "Flushed to top 
perfw/1000 gals 2% KCl slicked w/3# per 1000 gal FR-16. All frac fluid contained 1 gal per 1000 clay 
master 1 gal per 1000 aqua flow - 2% KCl 1/2 gal per 1000 ASP 248." 

·- ·-- ·- "A.T~~i7oo "iai~ Ys"%"frcC.fitish."eci- ;,ii6"6b'1~:,·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- · · ----
-- ·-- ·- "A~rci ir~~i'.-. ~~i35oo "ia"l~ "is"%"irci ~~tit"ai~i~i 2-i~l~ "u"titib'it~; 2"ia"l~ -s~E~t~~t: 4 "iai~ ~Ey ~i'a"b'iE~r-35#"- · · ----

iron sequestering agent per 1000 gals acid ... flushed w/19 bbls fluid." 
·- ·-- ·- "A~ici-ii~ -g~;~~ io't." u~i~~~ :.~i6466 is~i is% "lici"i3 g;i i: is -~3- i~i i~;~-:iC: 26-i~i ~iaY' ;;;;s;:~; 225il:ic"R.:- · · ----

2 ... Displaced w/20 bbls clay stabilized water." 
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"Acidized FT. Union ... w/4000 gal 15% HCL cont. 8 gal A-200 inhibitor, 8 gal M-38W surfactant, 16 galL-
53 day stabilizer, 140 # L-41 iron sequestering agent ... Displaced w/31 bbls fresh water containing 10 galL-
53 day stabilizer." 
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~ 

~1 c.!i .. 
0 -~ 
~~ 

·- ·-- ·- "4<ioo is~i i-fcF- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- · · ----
·- ·-- ·- .. 4-ooo is~i i-fcF- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- · · ----

______ s _____ 1~"~~~ __ "~_?_o_o_ ~~~ !1_~~"- _____________________________________________________________________________ . ~?. _ 
"2500 gal HCl" ------ ----- ------- ''2·so·o· g:ii HCi'i-----------------------------------------------------------------------------. ----

0 

0 

Perforations from 3714'-3736'. Well completion report not available. No 

P&A after completion in 1980. No apparent production well casing. No stimulation or production. No 
44 On 11/12/1980, "Hit water flow while drilling at 4105' -4109' ... Drilling fluid was contaminated with Yes 

water. .. crews attempted to reduce viscosity with the additional of diesel... the diesel and the contaminated 
drilling fluid did not mix in the well bore, instead the diesel replaced the weighted mud causing a reduction 
in hydrostatic head ... the well started to flow and was closed in." On 8/24/1982, "Pmpd 800 gals 15% HCl 
contng 2 gals M38 w/2 gals A-200+4 gals ofL-53+#L-4l...Displaced w/9.5 bbls 2% KCI. On 8/25/1982, 
"Pumped 2000 gals 15% HCI...HCl contained 4 gals 38W + 4 gals A200 + 8 gals L-53 + 200 gals alcohol+ 
70# I-41. Pumped 2 bbls 2% KCl behind acid." Perforated at 20 depths from 1581-2980. "displace acid 
w/75 bbls 2% KCl" 

· • · · • · • ·~s-66 is~i is% 'Rei ·c-o"n"t~fn"iilg"2 g"aE M.38\V/2" g~l A.:2o1)+ ·4 g~is"C53 + ii"C4i,"9.5"6bis"K.cl" • · • • · • · • • · · • • • • 
·- ·-- ·- ··~rp-;tiici 3"66is- iso/;iicC ~ptilpci-23 ·h"h"1~ ·1s·%-frc(26"h-h"l~ ·1s·%-frc( ~-P~j;i"!"s i>i>ii 4% ·K.ci -. ~.-t;·tiii~f ·-- · · ----

casing." On 4/16/1981, "bullheaded 100 bbls 4% KCl down csg ... spotted 3 bbls 15% HCI...saw 4 perfs 
open up. Pmpd 23 bbls 15% HCI." 

· • · · • · • -r~~ W6acc·(io14Y·;~~iciiiici·; • · • · · • · • · · • · • · · • · • · · • · • · · • · • · · • · • · · • · • · · • · • · · • · • · · • · • · · • · • · · • · · ----

- • · • • · • .. ·s·p;ttici 2"( 66is" frc( ~.t;;k:"i b;~ t~ p~p · io hhii i~t~- f~r~~-~ p~pd 22" 66is" fl~;h;, • · • · • • · • · • • · • · • • · • · • • · · • • • • 
· • · • • · • "Pn'Ip;ci 2o"661~- iso/: iici ~~~ciciiti;~;-~ ~pti~p-ed-3o "h'61; ·a-cici~.-.h~s1~~i6~~f;ici~ -~is 1bi; K'ci."o;; • • · • · • • · · • • • • 

3/30/1981, "fracas follows ... 143 bbls Apollo 30 pad ... 24 bbls gel...48 bbls gel. .. 72 bbls gel...72 bbls 
gel...21 bbls 4% KCl flush." 

· • · · • · • "Pn'Ij;;J 26"661~-;c""ici: ~.r;il;w~ci ~!.24:66is- fj~;h~.~h~sh~ci-6~~fiici~ -~is i>1E K'Ci ~t~ ~.".f:;~~.-.:~; r~i1;~:1riri · • • • • 
bbls Apollo 30 pad .. .40 bbls Pad ... 24 bbls gel.. .48 bbls gel... 72 bbls gel... 72 bbls gel... flushed w/21 bbls 
4%KCI." 

·- ·-- ·- "Pn'Ipd-i2 bbi~ "a~id.:.p;;n";.p~d-ii i>bii ;~ici.~.p~pii"i4 bhii ;~[ci.~.p~pd "(i66is- ;~[ci..-.Di~pia·c-ed-~~id-~i26"- · · ----
bbls KCl wtr. .. Pumped 48 bbls YF4PSD pad. 24 bbls gelled wtr." then 180 bbls YF4PSD. Materials charged 
for in frac include 700 lbs J-347 gelling agent, 48lbs J-218 breaker, 16 gal J-318 breaker aid, 32 galL-53 
clay stabilizer, 5 gal D-47, 5 gal MW38 surfactant, A-200 inhibitor, U42" 

&A after completion in 1981. No apparent production well casing. No stimulation or production. No 

11 nformation missing from well completion report but reviewed by WOGCC (20 14). Well schematic in Yes 
WOGCC (2014) 

------- "A~icii~~d·~ 'fr~til-wo"dcc (26 i 4)--------------------------------------------------------------. ----
------- "A~icii~~ci·~ 'fr~til-wo"dcc (26 i 4)--------------------------------------------------------------. ----
------- woacc· (io14Yin"cii~;i;s-t"h"at -this- in"t~~~i ~"a~-stitiliri~t~ci-~iih" "357-h'ir~ii ;r-g·eiie-ci ~"at~i."------------- · ----
------- "A~id·i~~ci·~ [;~til-wo"dcc (26 i 4)--------------------------------------------------------------. ----
------- "A~id·i~~ci·~ [;~til-wo"dcc (26 i 4)--------------------------------------------------------------. ----
------- "A~id·i~~d·~ [;~til-wo"dcc (26 i 4)--------------------------------------------------------------. ----

33 

2016-009474-00331 



g 

1 . § 6 Ql 

~i .... -; ! ·;:;: "S..= s~ 
,S .5 s 6'0 .§ ... ._, .• "' 
,.Q oo- tl'l -; 

<s E -< 'iS. ~ ~ §. """' O'S ~ ""'- uoo 
1340.5 u 5/ 8/1981 

· • · · • · • · i36rs -u·si 6ii9si • · · • 
······· i426Tli"si ii9si····· 
······· i46s~s-u4i 9ii9si···· 
········mo~i -u·si ii9si····· 
12-3 

RHl 

1-4 

WR. ------ F-iF> . -.. -. -.. -
i4si~o-u7i ii9si····· 

~~? :~ ~ ~ ?~ ~~~!J_O_l __ •• _ 
699.2 "R 5/ 0/1982 

. -.. -.-. 982~7 \:\ R: si 6i1'9·8-i- .. -

ij ~ 
CJ) 

·~~ ·e'""' "' "' 

~~ B~ J: ~ = e6 
A 61 .~ "" . "' 0 "' .. !t: CJ) Ql .... 

f .c.; 
~"' ~~ «<I)., ~ .. s 
e~ ;;. ·- ;;. . ~~ ~._, <oo -< 

8.2 
. --.------ .. i2~~ i .. -. 

::::::::::::?~~8 ::::: 
15.17 

· ••· ------- · io~,4 · · • · 

= '";" 

= ..= 00,-.. 
=! 
~6 
; Ql = ~ = "' i e 
-I)., 

5 :e 
f 
~§ f =-tl = 
f~ .... ......, 

·r 
tl 

~ 
:8 
f 

'Q 
;;., 

:::: 
X x· 
x· 
X 

6 
i 
~ 
~ 
'Q ·.z 
-< 

·····pc-2 ~i2 
----- x· 

~ 
"' .. ~ "' 
15 

......, 
6 N ._, ~ .a = ..: e 

"""""' §''0 I)., 

.. = = 1).../: 0 

"""' ;; "' z ~-e~ ,.Q ,Sl '-" s 8.~ .. e;: 
Ql 

'Q~~~ ~ ~ § 6 § " 'Q ~~~~·-"C. u~ 
"" a~ 'S = 
~ u~~ ·~::='iS.= ~·;;: l ~==00 .,. .• oi ~~ I)., ~oou..: 

"Acidized" from WOGCC (2014) . -.. -.- "A~i'd·i~~cF r;~~-wo"dcc (26i4)-.- .. -.- .. -.- .. -.- .. -.- .. -.- .. -.- .. -.- .. -.- .. -.- .. -.- .. -.- .. -.. ----
.- .. -.- "A~i'di~~d·; ri~~-wo"dcc (26i4)-.- .. -.- .. -.- .. -.- .. -.- .. -.- .. -.- .. -.- .. -.- .. -.- .. -.- .. -.- .. -.. ---­
. -.. -. - "A~rcii~~d·; [;~~-wo"dcc (26 i 4) -. -.. -. -.. -. -.. -. -.. -. -.. -. -.. -. -.. -. -.. -. -.. -. -.. -. -.. -. -.. -.. ---­
. -.. -. - "A~rcii~~d·; K~~-wo"dcc (26 i 4) -. -.. -. -.. -. -.. -. -.. -. -.. -. -.. -. -.. -. -.. -. -.. -. -.. -. -.. -. -.. -.. ----

______ o _____ 1,~7Q Y._r_?d_:r_c!~~~ 9! _t>;_a_:;_~~~ ~ __ -~t~: P!9~~~!i.??. ~~ ~- f<:_r!l_l~~i9!1-_ip._ ~QQ~~ ~!i!l_l:_I~~t~<:_~ ~~.?.:':'1.:~ ________________ . ~.?. _ 
Prodution of gas production in FU Formation in 1993. Stimulation unknown. ------ -·--- ·- ·-- ·- ''(;s·o·o· g~is-H-Cli,- ·- · ·- ·- · ·- ·- · ·- ·- · ·- ·- · ·- ·- · ·- ·- ·-- ·- ·-- ·- ·-- ·------------------------------ · ----

&A after completion in 1981. No apparent production well casing. No stimulation or production. No 
. __ . _. 5-'~~~. 1 !J.2~!? _3_ ~:~~r!l!~~ ~l.:~e:y~!s_ fr_o!l_l _1-~~~·:~ !~?'~ ~<!. _ ~l_!.~<:_r!l_1~~9:!-.<?.12 _:;!i~:;l_a!~~~-. _ .. _. _ .. _. _ .. _. _ .. _. _ .. _. _ .. _ .. ~.?. _ 

"2000 gallS% HCl, 26,000 gal 75% foam" 
------ -.--- . -.--.- "-I6()o· gii iS% HCi; soo·g;(Nii4Ci,-i500 .g.ai·3·?:rm: -li%.HC1~'·- .. -.- .. -.- .. -.- .. -.- .. -.- .. -.- .. -.. ----

14-24 10 7.7 WR 8/24 1982 X 'Acidized"P&A in 1982 after completion. No production. No 
............ io4Is· u"si" 4ii98"2"·····, -------- ......... ------- ......... iT3·7·· -------- -x··· ..... ---------- --------- ........... ,:A.-;;-idi:.:~:F·--································································································································· ...... . 

1-15 452 .0 c 7/ /198~ 
· • · · • · • · 4 72r 9 ·7 ii i19s3· · • · · • 
B-1 ~99:~ ~ ~ ~~ ~/_1 _?_8_4 __ .. _ 

1465.5 u 9/ 9/1984 
iss6~9-u9i 9ii9s4···· 

~~-_1_1_ ?I ~~~/~1_2_cP.~ I?~?~ __ _ 
570.9 ,, R 2/ /2002 16.20 

· • · · • · • · 6onv; R: 2i hoo·i i2~27 
········627~3v; R:2i hoo"iio~69 
······· 8ss~9\:\R:2i hoo"iii~ii 

······· io9i~2-u9i ii993····· 

15.51 25.0 8.91 
12.41 25.0 7.45 

12.07 25.0 
13.(9 25.0 

X ••••• p( •• .••.•• 1-'! !?. 1,?_ ..•.• "_2_1_~~~ ~~!l?p._:;_<:_~~~i_d~'_ip._ S:.?;!Y. !'9!1!l.a.t~~~ ..•.•..•.•..•.•..•.•..•.•..•.•..•.•..•.•..•.•..•.•..•.. ~.? •• 
"20 bbls KCl, 275 gal gel water" in Cody Formation 

.... -~- :1 ?.. . _ .. _. _ "§!J_O_O_~~~l?!l~ Ai~~~l- :-.~~~i!iy_e_:;:'. _. _ .. _. _ .. _. _ .. _. _ .. _. _ .. _. _ .. _. _ .. _. _ .. _. _ .. _. _ .. _. _ .. _. _ .. _ .. ~.? .. 
X "6878 gallons 7V:,% HCl SC + HCl-HF" · ··· · x · --- · · · · · · · ,2·1oo g;i 7i..{%"+is%-:Hcc+ ~'d'diii~~~·; · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · ----

_____ ~ _ 7 !~9 3_3_3_ ~"~ ~:·~I? ~~~ro. !\ ~-: }::r_a5'.::~i!l _____________ g_ ?~~ S:.C!~: ~?-~~1_:;_&.~1" _1.?_ t_o_~ S:.C!~~·:!l~_s~-~~~9r'!. ~q~:·. __________________ . ~.?. _ 
X 7 057 "Frac-BD w/6% KCl. .. Frac using 142 bbls 75Q C02, 42 bbls gel, 16 tonC02 .. .42 bbls 6% flush." 

.••. -x.· 8 674 . -.. -.- "Fr~~:J3i5 ~i6%"K.cC.'F~;~ -;{si~g "16ibhis"75Q' c62," 47"661~-g;( Y8"io"n"s"co2.·.:4s "b'b'l~ -~i6%"K.cf·;- .. -.. ----

.••. -x.· 8 iss . -.. -.- "Fr~~:J3i5 ~;6%"K.cC.'F~;~ -;{si~g "164bbis"75Q' c62," 47~5 11i~ g~i," is "t;~·coi, "48 11i; 6% "iCi "rlti;b'_;,·- .. ----.... -x· 7 6~i .·- ·.·- ~- "Frft~:.fln ~;6%-K.cC.~~;~ -;{si~g "143-~bis·7~Q' c62.fo~~: 42 "b'b'l; "iei: i 7-t~~~-co2.~~85 11i~ 6% "K:ci".- .. ----
flush." 

X 
· • · · • · • · ii6oTu9i ii993 · • · · • · ••· ·2rs6· 2ro 26.s9· 7.24· • · ••· • x.· 2 ~i2 

. -.. -.- "A~i'di~~ ~~~it·,;;~; ~isoo· g;is-7 "1i2~ NEFE". f35so:3-592 ~~~f38i5_-3-939: t;i~i" iooo g~i; N'£F-E:Y.-.- .. -.. ---­
· • · · • · • "A~i'd·i~~ -e~a; ~~~~ ~iso·o g;is" ~f 7ii2·; NEFK ,;[3"8"o"i-38Y3" ;~d"3"83o-3·8-s"l-t~t"ai "1666 g;is" NEFE:V·'F~;~ · • · · • • • • 

12-11 10 0.8 FU 1/23 2004 16.01 22.8 20.77 10.86 20.81 X 9 072 229 8,4 
········io8r7 u"ll23i2o64··· ·----9~i42·T· i4.73" 6.o7"i _f;y··x.··l :i4 ·••·•• 
········iion u"ll23i2o64··· 9~38456"24:···· 9.38"2 ?·s··· :::::~:) ~!~ ······ 
....... ii4iTli"1123i2664"""16~i3"7~522"T" l~-~7: ~-?L X 1 ,14 
....... ii64~9"li"11 sii664"8~96 7.2i"2".2"""""""" 11.11 ·····x.·2 j4 
· • · · • · • · i33r2 u"lo 3oi2o64 · · • 9~os· ------- · ·· · · · · · · 2.86-- · ••· • x.· 6 siii 

well down tbg & csg w/33,650 gal C02 foam frac,70Q." 
1 "Fra :·~ ?9~ ~ C!~:·.·!<!t!l} l?~~_l-~~-_1 ••.•.••.•.•• -~~l.s~'- •..•.•..•.•..•.•..•.•..•.•..•.•..•.•..•.•..•.•..•.•..•.. !~~-

"Frac ... 70Q C02 ... total load 175.1 bbls" 
. -.. -.- "Fr~~:.-.7o(.i c62~~.t;ia"I"l~;ci-i96 11i;.;-.- .. -.- .. -.- .. -.- .. -.- .. -.- .. -.- .. -.- .. -.- .. -.- .. -.- .. -.. ----
.- .. -.- ·¥r~~ ~ ~-7o(.i co2~ ~.2"16.8 "b'b'!t~t;i i;a"J,".- .. -.- .. -.- .. -.- .. -.- .. -.- .. -.- .. -.- .. -.- .. -.- .. -.- .. -.. ---­
.- .. -.- "2o"o bbis" ;,·at~;-~~ co2 ~~;i;;-.;- .. -.- .. -.-.'-.- .. -.- .. -.- .. -.- .. -.- .. -.- .. -.- .. -.- .. -.- .. -.- .. -.. ----
.- .. -.- ·~sa"n"ci ~;~ "b'r~'ke-d;;,~- 3iioit"s·a~·ci. ·o.; -t~ -ti.~~f.-o;;e~ -ti.~;6 3o· bbi. ~ ~F;a·c·. ~."ii6 bbi ~i;~~ h-;{id"+ 2"s3" rr~~.- .. ---­
.•..•.• p_r~y~~l!~ ~.?~. t_o_t~~-~ ~~~ !<!1.:~ ~C!?:'~ .•..•.•..•.•..•.•..•.•..•.•..•.•..•.•..•.•..•.•..•.•..•.•..•..•••• 

"128 bbl clean fluid, 29 tons C02" 
· · · · · · · '~3-6hhi ~i;~n" h-;{i~C.3(it~;;s·co2·; · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · ···· 
. -.. -.- "Fr~~~-~~ith.. co2 r~~~ [;;c· ~;~~rsi'i~-i ;[ i -l~si9 "iai"o"f2~{ K'ci ;;at~; phi; i2o-t"o"n"s. co2.~.t~tai -l~~ci-2%. K.ci ----

279 bbls." 
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~;s 0 ·- ~6 ..... .... ~~ ~ ~ .:6 ~ ·c £~ uoo <oo < -~ < 
1624.9 U 10 12/2004 37.23 25.0 10.25 X 1 ,19 

11-10 80 .7 WR 0/15 ~004 11.18 9.56 2 .4 6.98 X 8 165 1,238 
""""""""8ir7\\R"io i5iioo4""" s~76"649"i5.""""" ..... i.o2"i .55"""x"8 i65 .... .. 
------- 858~6\\"R"io i4h"oo4--·ls~9iiio:92"i8~6 ----·x·6 864 .... .. 

:::::::.~~~~~~ ~t~ ~%~:~~f;~ ~~~~~C.?L:~~~~ ::::: 1:~_;~: 2:~~~: f~ ~~~ .... .. 
........ 97r7~R"io 8aio4i2:7 ..... 22:75"32:6 ..... io.ss· io.srx·s 443 .... .. 
........ io49~4 u6i oii665"16".2p----·22:66"3o:6 ::::: ((.~?: :::::~:) ;~§ .... .. 
....... i358Tu"io 8ii6647~ii5 8.9(;3-.<i_______ 4.24 x 1 ,os 
........ i462:7 u9i ii664 _____ ----·2o:i7"24~i 38.74. i.7s"i )~:::~) ~~~ :::::: 
........ i52S:9 u9i ii664 _____ ----·2rs2-i8:5 5o.s·( 1s.16 x 1 ,96 
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"Frac ... 39 tons C02 and 208 bbl clean fluid" 
21,643 In ormation on fluids used for stimulation n ot available. No 
· • · · • · • I~[;;~~tio·; ;it "fi~icis" ~~;d [;; ;t"i~~l~tio"n" it;t ;~;r1;1i;." · • · • · · • · • · · • · • · · • · • · · • · • · · • · • · · • · • · · • · • · · • · · .. .. 
· · · · · · · I~[;;~~tio"n" ;it -fi~icis. ~~;d [;; ~ti~til~tio"n" it;t ;~;il;hi;." · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · .. .. 
· · · · · · · I~[;;~~iro·n" ;it -fi~icis. ~~;d [;; ;t"i~~l~tio"n" it;t ;~;r1;1i;." · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · .. .. 
. . . . . . . .,-fr~;.-.: i29 'b'b"l~ ~i~~~ fiti"i~( 29" t~;s· co2·; •..•.•..•.•..•.•..•.•..•.•..•.•..•.•..•.•..•.•..•.•..•..•••• 
· • · · • · • "Y44 hhis" ~ie"a"n" fi~id," i9"t;~; "C.o"i'' · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · .... 
· · · · · · · .. "r;:~;.-. :232 h"b"I";l~;it ·n~rci. ·3·9 ;-~~; c"62~ · • · · • · • · · • · • · · • · • · · • · • · · • · • · · • · • · · • · • · · • · • · · • · • · · • · • · · • · · • • • • 
· · · · · · · "r;~;_:.3s9· ~1~~~-ti.~id." 54 i~~ ·c.o2~' · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · 
· • · · • · • ·'c62" fr;~ "i26 1'bi; t~tai"!;;a: .".~~;~;.;.~~~ 3 7 'b"b"1~ "o"r"i26 11i"!;;a:·,- · · • · • · · • · • · · • · • · · • · • · · • · • · · • · • · · • · · .... 
....... .,-fr~;;J d~~~-·.: i2,"88i g;i c62: .".706.~ ~.p-ad" ;;iti"~~-3952.6" ~i tot~i i~ici i95"66is~ ~.b·l~~-;tiphi~~ "cii~k -~n" ..•••• 

#1 C02 pump ... recoverd 41 bbls of 195 bblload." 
42-10 76 6 WR 2/2012004 911 8 ~? 12 67 8 32 2 04 X 6 804 595 14, 03 "T tal load 8b.l bbls." Treatm entreport available for 2004 stimulation events. Yes 
------- §o7~i \\ R" i2 i5iioo4--- 9:74-8- 2.7" i3 3"(- ----- i3s-- ·-----:X- 6 87i ------ ----- ------- "Fr~~-iii 11ii ;ii~k:~a"t~~,; F-~iin' ~ti~tii~ti'o;{ iip~rt -p~st~ci-8;9ii6i3: 435i "ii(76() co2 \VF"ii ~;it~isiid ~1-- ----

........ iiios\V--6;2 i266i"ii.s· ..... i2:o7"2s:o i2.4"( i.7o .. 

....... iii34"F'C6ii3 2oo"(9."s"ii~~si ________ 3o:6 i5.s·i -----

....... iii6s"F'C6ii3 2oo"(6."16-ip~69 ________ 3s:6 ii.s9· 6.48 .. 

....... ..... ?i"""" .................................. . 

........ !~9~-~i. ~~-2-~ ~9?.1. ~~--1_6_ ..... I2~~~. ~?~q ~~-;!,;!_ ~-~? .. 
1239 F, 6/2 2001 10.07 10.82 30.0 11.55 9.27 

....... i2.s6"F'C6ii 2oo"(6."s2"W44 ________ 36~6 i6.cici 6.83 .. 

........ i38o"F'C6ii 2oor5."8iii~~si ________ 3S:6 i6.5Y 6.i4 .. 

........ i448"F'C9iiE i994 ______ ........................ . 

........ i62o"F'C6ii3 i994 ____ __ 

·u6 i2iiooi ... 
1643 

"U6 i2iiooi ... 
1669 

31-1010 7FU 11 6/20D211.30 15.17 30.0 6.14 
14.48 35.0 8.27 ::::::: !?~~ :~;: E(6 ~??~: ~~-~?: 

1377 p, 1/15 2002 12.07 ----·is:86"35~6 ----- 6.o3 .. 
· • · · • · • · i 4 i i"F'i" iiis 2oo2· i 4."i3. """""i6:89"3S:6 ..... 8.80"" 
........ i362"F'C6ii i994 ____ __ 

23-1014 OFU7/ /200D9.106.03 o.o 7.03 

X 9072 
X 5 859 
X 9072 -----x--1 j4o ____ __ 

::::: ~:) ~~~ ...... 
X 7 525 

X 

-----~-§ ~!! l_.~I? .. 
X 1 ,52 

""""":X"2 ~55 
-----x--1 ~7ii x:· ... 

X 2 ,38 7 

........ i47(if'C6ii9 2oo<ii4.9"i ----·s:in·T· ..... 4.27 .. -----x--1 ~5i 

....... i62o"F'C8i8·; 994 _______ ......................... ----·pc---1 )4 

4351 gal water and 34lb J216." 
· • · • • · • .. -tf~;.:.F-i~~h ;;;is"o6 ·e:a·i r~i~F · • · • · · • · • · · • · • · · • · • · · • · • · · • · • · · • · • · · • · • · · • · • · · • · • · · • · • · · • · • · · • · · ----
. · · · · · · .,-fr~;.~ N~ i~fo·~~ti~~ -~; ;ti~til~ti~~-ti.~id;. · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · ---­
. · · · · · · .,-fr~;.~ N~ i~fo·~~ti~~ -~; ;ti~til~ti~~- ti.~id;.· · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · 
. ...... ,,-tf~Z.:.7o() co2· t;a"rit~.-. t~t"ai "cii~ti" fiti"ici.i67 11·1,;•• ................................................... . 
· · · · · · · "f;:~;-~ ~ ;l~;it·ti.~ici i 97"66is;' • · • · · • · • · · • · • · · • · • · · • · • · · • · • · · • · • · · • · • · · • · • · · • · • · · • · • · · • · • · · • · • · · • · · .. .. 
· · · · · · · "f;:~;. ~ ~ p~~p·e·ci 84 ·bbl; ·c·l~~~ -fl~i~F · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · 
· • · • • · • .,-tf~;.·. ~t~"t~i ~ie·a~- ti.~id 3"oi hhis: ·8·9.S"t;~; "co"i.,· · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · .... 
· • · · • · • I~-;ti~cirj" ~~ii~~ "cia"t~d"5;27i26iis: ~ A."ciciiie. ~i2ooo· i~li~~; Ys% "-Ni'-:F-"E"." 236iiit"r;~r ;a"1i"·.-. W6acc· {io i4). · · • • • • 

states "no treatment" at this depth . 
· • · · • · • .. -p·e~r 53"is"-39: 53"8.9-5403 ;: 54 76~86.~.;~idi;~ -~ii25ii "ia·l-7 iii%" H"ci ;~D:i (6il3i94).· 6~-6iii;2oo i: • · • · · • · · • • • • 
....... "~si.?!~~: -~t!l~:-~ 1 ?2! ?:?~~?1 -~~l!lP. 7?9 .&.i!.l.l ~r~ !1.<;;L 7?9 .&.i!.l.l~r~ ~!<!l2 _:~_8_ ~~~1~ •• 799 .&.i!.l. ~- tl:r~~~"- ........ . 

"Stage 2 (5389-5403') Pump 700 gallS% HCl, 250 gal6% KCl w/28 frac balls, 700 gallS% HCl" 
Stimulation· atlhis interval not reported by WDGCC (2014). 

....... ·'st~g~ "i ( 5476~5486) i>~~P "9oo g;i i 5% "H.ci," i o "b"b"l; "6%. i<."c( ;;;i3·o fta·c· 6~1i;," 566 "ia·l-isO:,F sti~ti"l;ti~;; ~t .... 
this interval not reported by WOGCC (2014). Modified wellbore schematic available in WOGCC (2014). 

••••• 1_52 ?9~.'! JCe_a_~ :". ?~ !<5'!~-;~t!l:! 799. !?~1!1. ?~?-~~12 §.9. ~ .. ~1- !J~i~·- ?? _t?!l.':.~~-_.: 77 _b_b_l_~~9.±}1!~~·: .................. Y:~. 
"Break w 6% kcl. .. start 70Q co2 foam, 405 bbl, 151.5 bbl fluid, 39 ton co2" .. flush w 84.5 bbl6% kcl" 

· · · · · · · "Bte~k-~- 6o/~ k~r.:,;t~rt 7oQ" ~;2.~ 695"66i f~~rit: 232· ti.~id,"74 ·t;i"t·z~i.~ :ti.~~ii~d ·s-o%·z~2 b1i.·.,· · · · · · · · · · · · · · · · · 
· • · · • · • "Bte~k" ~- 6o/~ k~i.".: ~t;rt 7oQ ~;2 "{o~~.-254 "b"b"l; "fi~ici, "3"6 i"~ti ~;2~ ~."ti"ti";h ~;s· i6E hbi 6% "k"ci.·,; · · • · • · · • · · • • • • 
• • • • • • • i"t" ;tin"ciry. ~~ti~~ "cia"t~d"5;28i26ii2: ~ A."cid"f~~~--.: ~~;h & ~ii ;;t; -~{ p;;f; -~i666 g;i; 7" i/2% "H.c"!"a"cid";a·ch · • · · • • • • 

4770'-5478'." 
112,463 'Pump 70Q C02 foam fr ac ... 3000 gals pad, 480 gals ... 540 gals ... 640 gals ... 812 gals ... l200 gals ... 3696 Yes 

gals SOQ flush,pumped 226 bbls KCL, 47 ton C02." 
.•..•.• "Ptiritp~ci-766." co2 '[;;~ ria·c·. :.-3-ooo g;i p;ci~ i 7oo· g~i.: .·is4o i;;i;.~ ~2843 is~i~ so() fiti"s"h". ~ ..•.•..•.•..•..•••• 
· · · · · · · "so<i g~i is% iicF ;'f~~~ ~ii6s"66 is;i pi~,; 7o<i-N2. f~a"rit:·; · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · .... 

43-10 13 9 FU 2/ /200 11.86 19.31 35.0 5.28 X 2 ,89 606 28 467 " rae break w/6% KCL ... Frac using 547 bbls 70Q C02 foam, 125 bbls gel, 63 ton C02 ... flush w/30% Yes 
C02." 
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--------857:7 \1; R' i o i3i1994--­
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------- 522~i\:\ R'io i4h-ooo---
--------554:iv; R'io i4h-ooo--· 
-------- 6o7:5\:\ R' io i4h-ooo---
------- 739~7\:\ R'io i4i2'ooo---
:::::::. ???~~~~ !9 [~!~:~~~::: 
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~· =5 e ~ iOII ~ "' iOII :c = ·§ '"" ·§ "' :c ~-e~ "' ·~:: """ = = 

~ ..c> Ql 

"' 8&: 8&: ..= 
~ 

"' ..c> """ s 5.~ = e 171""' . s: t: ~ '-' ~ ..... 
~ .. 6 ~ .. ~ ~ !. 'C e Q § ~ -s.S~.E = ~'-' e N ~ = 5 § ;; § Q~ ..... 
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~;:: <>• "' ..... = = ; iii~ ~l ~ "' 0:1 
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~il a ~~ <oo < ~171 .s~ < 
17.24 35.0 5.16 X 2 ,93 "Frac-Break w/6% KCL. .. Frac using 837 bbls 70Q C02, 235 bbls gel, 95 tons C02 ... 112 bbls 6% KCl 

flush." 
----- 2o~34- 34~6 ----- ----- ----- x- -1 ~94 ·- ·-- ·- "Fr~~ 'ti"s·i~g-457 1bi~ 7o"Q ·r;~~.- i36 bb-1~ g~i,' 52 ·t;~-coi.~ ~ti.{r~h ~iii6 i:,i:,i; 6% 'Kei.',-- ·- ·-- ·- ·-- ·- ·-- · · ---­

·- ·-- ·- "Fr~~ 'ti"s·i~g-545 1bE 7o"Q 'Co2~ ~.'is'6j;i:,i; g~i,'6i i~~ ·c.a2~ :.-fhi;b' ~;i24'66i 6% 'KeP·-- ·- ·-- ·- ·-- ·- ·-- · · ---­
.-.--.- sti~ci;y ~;i'i~~·ci;t~ci-2i1'9i2oo2~ ;,i>i~f~ tbg ~i666 g~i is% -a-cici: sp;i 'is'6 g 'i5%'N'£F£·;~i~f :.p~~;s- ib'i i~- .. ----

---- '24~i3' 32:6 ----- i4.89' ----- x' -1 ~59 
-----i9~3i _____ ----- i9.s4- x· --- ------

5300 psi w/N2 ... Pump 20 mcfN2@ 2100 scfm@ 2800 psi" WOGCC (2014) indicates no stimulation at 
his depth . 

7.93 X 3 ,55 . -.--.- "Fr~~:t'ot~i P~~p~ci 3·17· bbis-K.c( ·s-98. bbis-eo2·;.--.-.--.-.--.-.--.-.--.-.--.-.--.-.--.-.--.-.-- .. ----

11.40 5.0 1 .34 5.38 
-----i2~25·s:6i ~g-- 5.38--
-----iro7-- i6: 6---- 7.93--
---- -ir33-- iS: to---- 6.23--
----- 2i~i8-- 23: 9---- 7.96--

10.34 3.0 3 .09 40.09 

6.62 6.p 1.57 
:::: :~~~~~:[:: ::::: ~-?~:: 

13.79 6.5 4.92 
12.07 6.6 5.54 

-----i2~o7·6~s- ----- 4.os·-
----- i2:76- 6:6- ----- 4.59--
--------------- ----- i.3s--

----- 8·.6i--

X 8 245 0 1,263 "C il frac ... l04 bbls clean fluid, 41300 scfofN2." No 
----- x- 4 954 ·- ·-- ·- "C~ii ·fr~~-~.93' hhis-~ie~~-ti.~ici: 4336o ·s~f';{N2~ ,; ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- · · ----
::::: ~:) ~~? ·- ·-- ·- "c~ii ·r;~~-~.'177-hhis. ~ie~~- ti.~ici,-96iooo·s·a--;f:N2;,-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- · · ----
-____ ~- _1 "~~ ______ r-- ::::::: "~~i} :~~~-~-)~?:~~[s: ~1~~~:~~[~.:??!§§ :s~(~(B~~·:::::::::::::::::::::::::::::::::::::::::::::::::: :::: 
_____ ~ __ 1 "~~ "Coil frac ... 206 bbls clean fluid, 124200 scf ofN2" 
_____ ~- ~ ~~~ ·- ·-- ·- "C~ii ·fr~~-~.'12(ihhis' ~ie~~-ti.~ici,-78666 -s~f';{:N2;,--- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- · · ----

X 1 ,70 ·- ·-- ·- "C~ii -fr~~-~.'183-bbis. ~1~~~-ti.~ici: i i58oo·s~Y;f:N2;,-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- · · ----
----- x· -1 ~64 ·- ·-- ·- "C~ii ·fr~~-~.254-hhis' ~ie~~- ti.~ici:i623oo"s'c1-';{:N2;,-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- · · ----
----- x· -1 ~92 ·- ·-- ·- "c~ii ·fr~~-~.3-17-hhis. ~ie~~- ti.~ici:s38oo·s~r;f:N2;,--- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- · · ----x- --- . -.--.- "A~rcii~~:.:~i366 is~i; i 5% NEFE"-.-.--.-.--.-.--.-.--.-.--.-.--.-.--.-.--.-.--.-.--.-.--.-.-- .. ----

x . -.--.- "A~i~ii~~-~-~i3-66 g~i; is% NEFE"-.-.--.-.--.-.--.-.--.-.--.-.--.-.--.-.--.-.--.-.--.-.--.-.-- .. ----
x . -.--.- "A~i~ii~~-~-~i3-66 g~i; is% NEFE"-.-.--.-.--.-.--.-.--.-.--.-.--.-.--.-.--.-.--.-.--.-.--.-.-- .. ----

~ _ _ _____ o_. ___ 4~_?. __ • _ "_Sp_~t-~.121!1.?-Y.. ~99Jj~l- ~~'::'! !'l_J2~!'~ 3_aj::~~ _3_<!.-~?.~~l~_i~-~~ p_r~ _1.5.1999.12121.?-. ~~1~~ _. _. __ • _. __ • _. __ • _. __ •. ~.?- _ 
X "Spot & pump 400 gallS% NEFE" x- ·- ·-- ·- ,-s·p-;t·&-p{i~P' 4oo·g~l~-i5%"N'£FE:;,- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- · · ----
x . -.--.- "Pti'~p-566 'iai~ -15%-Ni:'F£·;.-.--.-.--.-.--.-.--.-.--.-.--.-.--.-.--.-.--.-.--.-.--.-.--.-.-- .. ----
x- ·- ·-- ·- ,-s·p-;t·&-p{i~P' soo·g~l~-i5%"N'£FE::·; ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- · · ----

X 1 ,74 355 64 192" 500 gall % NEFE-PB", "fr ac w/16,600 gal65Q N2 foam." No 
~- --- ------ ----- ------- ------------------------~-----------~---------------------,~-------------------------·-····· ----
X x· 
X 
X 

x· 
-----~-2 ~38 

-----~--1 ~67 ----- x· ---
X 4 975 88 208 

-----x-2 ~93 
----- x'7 ~67 
-----x-7~76 

-----x-5 ~93 
-----x-96i7 

0 1,~?~ _3_<!, gal "7.5% HL w/mutual solvent, HC2 surfa ctant, flush 4% KCl" No 
466 g~i ;,7:5%' HL ~;~{rfti;(s'oi~~~i',"I{ci ~{;ifa~t~~t~ fitis'h' 4% 'KeF--·-·--·-·--·-·--·-·--·-·--·-·--·· ----

·- ·-- ·- 156 g;i ;,7~5%' ii:L ~~~{rtr;';(s'ci~~~i,"I'rci ~{rifa~t~~( 'fiti;b' 4% 'KeF--·-·--·-·--·-·--·-·--·-·--·-·--·· ---­
·- ·-- ·- i56 g;i 7~5-i-{ if[ ~i~~~1 ;;l~~~t)"rci ~~a'a-ct~~i. ·n{i;h 4% ·K.c·l~ ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- · · ---­
·- ·-- ·- 1666 is~i ;,7 ~5%- iii: ~~~~hi';( ;;l~~~i:)"rci ~~iia-ct~~i,"ti{i;h 4% "K.ei ~- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- · · ---­
·- ·-- ·- 1666 is~i Y5<i-{ii[ ~i~~hi~1 ;;l~~~i)rc2 ~~;l;c't~~i. 'fi{;~h 4%-K.cl;,-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- · · ----
-- ·-- ·- "~i~ir. fr~~i,-- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- · · ----

. · · · · · · "~i~;r· fr~~i,· · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · ----

.- ·-- ·- "P-~p-ioo -g-;;i; is% ·I're:r;c-ici·&-9S:iso ·scf'iN2;,--- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- · · ----
"Coil frac ... 81 bbls clean fluid, 34600 scfN2" No 

·- ·-- ·- "c~ii ·r;~~-~.2-82-hhis. ~ie~il.- ti.~ici:i4iooo·s-cf'J\r2'·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- · · ----
.- ·-- ·- "c~ii ·fr~~-~.'1Y<i.5 'bb'1; "ci~~~ "fitii~( "s'9466 ~a'N'i·~ ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- · · ---­
·- ·-- ·- "C~ii -fr~~-~.'lWbbis' ~ie~~-ti.~ici:64i66 -s~f'N2~ ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- · · ---­
.- ·-- ·- "C~ii -fr~~-~.9(5 bbis-~ie~~-ti.~id: 62i 00 -s~fN2~- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- · · ----
·- ·-- ·- "~~i} :~~~-~-)~~: ~~[s: ~(e~~: ~~[~.: [ §?§§ :s~m?~::::::::::::::::::::::::::::::::::::::::::::::::::: :. :::: 
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8 f~ = .. 
l>fl ~ l>fl 

1 5 .s"'"' 
'";' ·e = 8 .. ·c~ = 5 ~ 

.. "' .. "' ~&! -= £ = ='®' £ ~~ a ~ 
rJl ,_ :a Q 

-$if 8& .. 6 .. ~ ! !. ~ ~ ·;;: = s s'i:' "' e ~g 8 s = ge .. .... 
~ -~] ~ ~:a "' Q ~""' .... ,.Q i ... . "' .... ; e e~ ~ ,.Q oo- ]ti ~ e "' l>fl f1; 

< .... "' i = = ® Q i: t] I ~l ~~ ~= =- ~ 

~ 
>'I s "' "' - "' ., 

~:~, .. -"' "" g. ., 
Q= oiz ~ e~ ...... .. . ~~ r:~ e ~~ ~ ·c ,...._ 

lXI'-' <® < -~ 
..,.,_, < 

802.5 " R 10 12/2000 
········s43~i"R"io i2h"ooo··· 

X 7128 

· · · · · · · s66~2" R" i o i2i2"ooo · · · 
· · · · · · · · m:rFi "?Js"; oos·7.7"8. · · 
· · · · · · · · i i o3"Fi ·:iii; oos · 4.94. · · 
······· iis9-Fl-2ii3 2oos"ii.ri3. 
....... i3ss·Fl "3i6; 993······· 
....... i388.FCiii9 i99s······ 
········i4o3Y( "i2illi;i997····· 
....... i4ss.FCi2i4 i997······ 
········mS"FCiii ~;i997····· 
········mrFCi2i i99:r····· 
........ i6s3"Fi" iii i;i997" .... 

31-11X 2~28 C 1 /22/1~98 

13X-3 41P.9 WR /18/ 999 
........ s27~3\l; R' 2i 8;W99 .... 
· · · · · · · · ss4Wli ·i;is i999 · · · · · · 
. . . . . . . . 63ri" R' 2i 8;W99 ... . 
........ 64o~4" R' 2i 8;W99 ... . 
....... 676~7"R'2i 8;W99···· 

:::::::: t~~~~ ~j!-5 Yl~t?.:::: 
....... i38i.Fl "2i9; 999······· 

i489.Fl "2i9; 999······· 
isio.FC2i9; 999· ..... . 

········mS"FC2i9; 999······· 
42X-9 u 

5.40 . .... ".25". 
. . . . . i.65" . 
..... 5".io"" 

·····rs2rr·· ····· {7r· 
:::::::::::~~( ::::: ~-~~:: 

0.06 

..... 6.3s"" 

. . . . . 7".95". 

: ::: : ~: ) ;~~ 
-----~-~~~~ 
-----~-~~~~ 
..... ~::._1 "!? 

~-_1 "!! 
X ..... x:· 

..... x:· 
·····w· ..... x:· 

x:· 
X 

41-1160 .3 WR /1/19~9 X 

::::::: llH~~~; ;:~~~r:::: :::::::::::11 {:~6- ~-
--------793~7\I;R'ii 8;W99iDi ·····rs43Yii 6.... x:· 
······· io33-FCiii1 i999······ ·····i2~4i"4T o.85 x 
········ios4"FCiii1 i999······ ..... ir79"4T ..... 4.63"" x· 
::::::::m~:~rfi}~ ~~~~:~~-:8:; :::::t~~;:~:~: ::::: ~:~F ~: 
........ i527"FCiii1 i999"i2.6"i ..... E27Ti" ..... 1.29·· x· 

"' >'I 

"' 5 
N 
'-' 

= "' §:~ Q., 
o'::~ 

''"'' =; 
~ ;; 
:a ~t~ ,.Q .. 
e '-' s a.~ ~ .. .. = - 'Q~~:i =; .9 ~ 'g 8 8 8 C' ~ ., 

===~ ~1 £ .. g."' .. § a; '§il'oo ., g.~ a Q 
~;::Q] o':: ooU..s ~~ 

"Coil frac ... 102 bbls clean fluid, 71900 scfN2" 
· · · · · · · "C~ii ·f;~~-~.Y<is-.6 "b'b'l; "ci~~~ "fitii~( Y68",ooo·s-c"fN2;, · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · 
....... e~il"fr~~-~--8"6.2"b'bl; -~i~~~ "fitiid~ "69666 ;a"Ni·~ ....................................................... . 
· · · · · · · "F~~~~ 4i72"66is"7oQ·,· · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · ···· 
· · · · · · · "F·r~~~ i8"(66is"76Q~.- · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · ···· 
· · · · · · · "Fr~~~ 9348" bbis" 66Q~.- · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · 
· · · · · · · "A~icii~~ ~/3(io g~is. 7.·5·%-frcl7' • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • · • • • • 
· · · · · · · "A~icii~~ ~iio6o g;i1~it~ ·is%· H"ei'' · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · 
· · · · · · · "A~id·i~~ ~is"66 g~i is% ·lie"c" fi~~h"~i6;i~~~ · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · 
....... "A~icii~~ ~i5·oo g;i is% iiCi.·.~f:~~~-i:S~i"t; ·f;~~--3-6%"-N2. Ji~ici ~;._~~ji fi"ii~h: 'f~t;i 742~3 11·1~,; ................. . 
· · · · · · · "A~id·i~~ ~is"66 g;i is% ·liei'~ · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · 
· · · · · · · "A~icii~~ ~is"o6 g;i is% iiei'; · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · 
· · · · · · · "A~rJii~ ~i5"66 is;i is% ·lieF····································································· 

1,666 8, 797 Hy raulic fracturing in Lance, Meetesse, Mesa 
15% HCI. Frac w/1015 bbls C02 foam 

verde, and Cody Formations. Acidize with 18,500 gallons No 

...... o _____ o _______ "~~~---~':Y!~??.&.~l-~~~-~~~·---································································· .... "500 gal HCl" ....... "A~ci.·. ~ ~i3iio ·i;r"licl~ ........................................................................... . 
· · · · · · · "A~ci.·.~ ~i2so·i;r"frcf·· · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · ···· 
······· "A~ci.·.~piri'P'ci73"i~ifrcf'····································································· ···· 
....... "A~ci .·. ~ ~i25o ·g;l ;,- .............................................................................. . 
· · · · · · · "A~icii~~ ~ii5"6 g~i is% "liei'~ · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · ···· 
....... "A~i'di~~ .·. ~ ~ii ooo ·i;r" iS<F-{ fieC .·cii;p -~ii%" K'ei. ~ .·F'1~ici 'P"u"J.p ·4 i.5"66i, "fitiici. ;_;;,;rci. i2.·6. ~ .................. . 
· · · · · · · "s<io g~i fieF··············································································· · · · · 
· · · · · · · "s<io g~i fieF··············································································· · · · · 
· · · · · · · "s<io g;i fieF··············································································· · · · · 
....... "so(i g~i fieF .................................................................................. . 

100 lC 083 Completed in Fort Union Formation. Information on perforations and stimulation missing from well No 
completion report . 

. . . . . . o_ .... 297 ..... "~~i~i~~-_.: ':Y.! !?? .&.~1!~1!;~ I?~ .E!~!'~ ............................................................ ~? .. 
"Acidize ... w/300 gallons 15% HCl each [perforated interval] (600 gals total)" 

· · · · · · · "A~i'di~~ .·. ~ ~i3oo ·i;li~~~ i 5% "liei ·e·a~i; [P'e"ri-~i;t~ci-iil.t~;,;aii (6oii ·i;l~ "t;i;l)'; · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · 
· · · · · · · "A~ici·i~~ ~ii5"66 g~il~;_~-iS<F{fieF · · · · · · · · ~ · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · 
· · · · · · · "A~id·i~~~-~ ;;;soo·i~li~~~ is% ·liei'~ · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · ···· 
· · · · · · · "A~rJi~~~-~ ;;;sao· i~1i~~~ ·1s% ·liei'~ · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · 
· · · · · · · "A~icii~~---~ ~iiooo·i;li~~~ is% ·lie-1~ · · · · · · · • · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · ···· 
· · · · · · · "'A~rJi~~~-~ ;;;i ooo· i~1i~~~ ·1s% ·lie-1~ · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · 
· · · · · · · "A~rJi~~-~ ;;;soc) i~1i~~~ iii.e·,· [Heii · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · 

33-10 64 .4 WR /5!2Gp5 11.29 13.13 24 X 9 525 2 2,547 "2~ tons C02" Yes 
· · · · · · · · 74o~i" R' ii hoo·5· 6~58 · .4H6T · · · · · · · · · · · · · 6.96" · · · · · · x · s i65 · · · · · · · "24. i~~s~'- · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · 
· · · · · · · 7s6~5" R' ii hoo·5· i3~i9 · · · · · io~74 · 2E · · · · · 8.69. · · · · · · x · ·1 ~88 · · · · · · · .. 3·2.6 ·t;~; ·ea·i. "i48 bbi; 6% ·K.cF · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · 

::::::: · n~~:~rE~ 99~:~~-~~:: :::: :?~~L: ::: ::::: 3:.w: ::::: ~:? ~~~ · · · · · · · ")7:~Ws: ~~ ~~!)E {~~s: ~~~·~::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: :. :::: 
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1192 H 1/4/ 005 9.20 -------·i562"F'C4iic i999 _____ _ 6.12 
----·u:i4"33:6 i5.s-s· fo.s=( 

i637-F'C4if i999 _____ _ 10.45 

33-3 137 FU 

44-3 213.1 WR 4 /199~ 7.58 2.30 
------- · 5or4" R" 4i i(99"9----- ---- ·9:65r :o·- i2.4r 8.84--

634:.3" R' 4i h99"9----- 10.34 5.0 6.72 

:::::::. ~i~~~~ ~ ~;~;:~~~~::::: -----6:823:[-- ----- 4.92"" 
-----in6·n· ----- io6·-

-------.849:8\\ R' 4i~h99"9-----
------- io7o-F'C3ii3 i999 _____ _ 

io8o-F'C3ii3 i999------ ---------------

:::::::: mi:~~ :~;}; i~~?~~~?~~§3:}~: ::::::: ~:~: 
------- i322-F'C3is·; 999·------ ----------To­

i36i-F'C3is·; 999·------ ----------·s:o· 
i45i"F'Ciiis i999 ______ -----------4:6-

15-21X 1 96 FU /9/2( 01 6.21 4.8 4.0 

3.45 
5.69 

----- ior-
3.56 
3.85 
0.15 

----- 4.83"" 

pc 61763 -----x.-- ---
X 2 ,90 

X 

X 

5(" x· 
X 
X 

x· 
x· 
X 
X 
X x· 

-----~--
X ::::::JnHri~~ ~~HHt ::::JtH~[:: ----- i.4i"" -----x.--

2711 M 12/5/ 000 
4659·F-i27il~99------- ---------------
47o9T i6if,~9---- ~-- • ----------- ·---

-------. 4868"F' 2i6i1~98------- ---------------

32-10 16 7FU 5/ 212opo 7.58 2 .0 . -.--.-., i66iYr: -si3·; ooo·------ ----- ------ ----

13-11 76 .4 WR /21/ po1 16.55 26.0 
. -.--.-., 8o7:i'X R'2i ih<iof---- ----- ir86-2r0 
. -.--.-., 

849:8" R'2i 6h<iof ____ ----- i6:55" 3o:o 
. -.--.-., iio3Yr: "iiic 2oor----- -----7:582" :o-· 

4.62 X -.--- 4.94"" -----w· 
6.62 X 

-.--- 8.58"" ----- x.·· 
-.--- 9.24"- ----- x.·· 
-.--- . -.-- ----- ---7.48 X 

"71.2 bbls C02" 
------- "Fr~~-~i35# iir:;r·[i;r:;a"rj "iei "&. "16%" coi [;;;r:_·t;t'a"(fi~ici j;;r:p~ci Yo:235"ia"l~ & "i6.5"t;~~-coi.;,--------. ----
------- "A~rcii~~ ~ifs66 g~i -~5% ·fie( F-~~~.:.3"sit" ii~~;; g~i ~h-6%-coi.-. :t~"t~i fi~ici -p-~j;~ci-i3,754-g~1: ·-r~t~i co2- · 

68 tons." 
0 337 Perforated intervals in Wind River and Fort Union Formations. Production from Wind River Formation. No 

Information on stimulation missing. 
1,663 "A idize ... w/500 gals 15% HCl" Yes 
------- 6~-4;8ii999,";, A.~iciiz·e~ :."~i566 g~i; iS% iicF o~ 5i26if999:·;fr~~---~ ;;;273"6bi ~ie~~ -f~~·~iSiP 1;; ~~ici---. ----

stimulation was 3.63 MPa. 
------- 6~-4;8ii999:;, A."ciciiie~ ."."~i566 g~i; is% iicF o~ 6i2ii999:·;fr;~:.: ~-;243-b'bi ~ie~~ ·fu;'; .. -. ·rsiP"fo~·;;id---- · ----

stimulation was 1.03 Mpa. 
------- "A~i'di~~ .".: ~i2oo -g~l~ "is%· frcl;,---------------------------------------------------------------. ----
------- "A~i'd·i~~ .-.: ;i;5oo·i~l; "H%-iic1;,--------------------------------------------------------------- · ----
------- "A~rcii~~ ~Hoo g~i; i 5% iicF---------------------------------------------------------------- · ----
------- "P-~j;-7 bbi "fs·%-flci~r:ci 5-bbi 2% "KCi.". :ciispi -a-cici-~iio bbi 2% "K.cr.·.;~;e·t-P'fr~ p-~j; "2%-K."ci. :."at "i666--. ----
_______ p_si ~-~~~a_~ p~~~ }_8_ J:J:~"- ______________________________________________________________________ . ___ _ 

"Acidize ... w/5 bbls [HCl]" 
------- "A~i'd·i~~ .-.: ;i;5oo·i~l; "H%-iic1;,--------------------------------------------------------------- · ----
------- "A~rcii~~.-.: ;;;5oo· g~l~ ·is%· fieF--------------------------------------------------------------· ----
------- "A~i'di~~ .-.: ~i9so -i~i i 5~{ ifcF--------------------------------------------------------------- · ----
------- "p~p ·420 g~i -~5%-Acl;,---------------------------------------------------------------------- · ----
------- "Br·e~k'd~~~ -o-n" j;~ii;i;i2so·g~iiso/;iicV------------------------------------------------------ · ----

161 1, 76 "Pmp 0 bbls 6% KCI...pump 20 bbls 6% KCl" No ----- ------- "P~p- i6 bh.i; 6% ·K.c·l;,----------------------------------------------------------------------- · ----
------- "Pti'~p- i6 11i;:.:A."ciciiz_e_ ~iiS-b'b'l~ "i iii%" ;~rei, "fiti;h ~;52-hhis"K.ci ~~t~;.: --~~ fid~ "b'a"ci2··------------- · ----
------- "A~i'di~~ ~;4Yhhis" pi~ci ~t~:.-. p~;r:p "s".6"b'bl~ -~~;~;p-;.{~p-i i.7-hhis" iSo/; iici & ~;,~~ "fiti;h p~;fs~.---------- · ----
------- "P-~p-p~rf; ~i3-o66 g~is- cii;s~i & "(666 g~i p~~i~~id~.----------------------------------------------- · ----
---- ·-- ·'s-;i'sp~~i~ci ~~~i~i ~;ii~p~~ "@i'i 527I.:t;~~fd~~~-~i4ooo·i~1 di~~i ~-;F-E:- iA' iiifi; ·rv)~i'ti's-oi "A."--------· ----
------- "Br·e~k'd~-~iiooo -g~l~ "cii~;~i ~i2o "iaYHyfid iv: Yo(i g;i Mti;~i A..".: No- ~ir~~i~t;;;;_ "b'e"r;;~ ~~ "citiri~g ·c·e~~;;_i · ----

·ob; lost 1100 bbls mud [invert] before job" 
______ 2.?., ~"~ ~ ~·~!~~:: 1_2_~9??J,F~l_<:~~ [~~:::, _____ .': ________________________________________________________________ .! ~~ _ 

0 431 

"Acidize w/1000 gal 7.5% HCl, flush 909 gals 4% KCL. Frac w/16054 gals 70Q C02 foam." ISIP for acid 
stimulation~ 0.94 Mpa. 
"Frac ... using 231 bbls wf 135 in 6% KCl water w/10% methanol+ adds, 59 tons C02 ... 573 bbls 70Q C02 No 
foam. Flush w/37 bbls KCl w/10%" 

------- "Fr~~: .-.~;rr:g- icio-bbis-~Yf35 i~ 'lr'lrf~(~iio~{ ;r:~th.~~~i + ;cici~.- 24·t;~; ·ca·i.-.251(6bl~-i6<Ycoi 1;~~--- · ----
Flush w/40 bbls 6% kcl w/10% methanol." 

------- "Fr~~:.-. ~;rr:g- i3o-bbis-~Yf35 i~ 6% "K.cr~;i';r-~iioo/~ ;r:~th.~~~i ·; ~cici~: 3s-t~~-coi.:.Ys9-bbis"7o(i c"62--. ----
foam. Flush w/42 bbls 6% kcl water w/10% methanol." 

------- "Fr~~: .-. ~;rr:g- 276:2 1"6i~ ~r i 3 5-i~- 6o/~ i:~i ~~t~~ -~ H6%" ~eth;~;i +-~cid;,-96 t;~~ co 2:.:849 h."b'1~ 7"0'6 ·co2· · ----
foam. Flush w/55 bbls 6% kcl wtr w/10% methanol." 
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. -.. -.-., 
535~8" R:3i 3h<ioi···· . --.- -----· . -.. -.. -. . -.. -9.65 2 .4 5.86 
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--------·-· ·-··-·-··- ·--·------··-·· -.. -. . -.. -

~ 
"' = 

·~:: >1 

~ a "' ... s :a f ~ .. .Sf a .... 1 "' 
'-' ... I :a = s- a'l .. 

"'l f .., ~"" .., e"a f~ £ ·c 
'""'-' < >l..~ 

X 

X 

X 1 ,88 2 

. --.- .x··1 :so 
----- ... . . . 

X 1 ,05 

X 

----- .x·· 

----- ... 
X 

----- .x·· 

X ----- .x·· 
----- .x·· 
----- ... 

X . --.- .x·· 
. --.- ... 

X . --.- .x·· 

X 

. --.- ... 
X 

. --.- ... 
X 

. --.- .x·· 

. --.- .x·· 

X 

. --.- ... 
X 

. --.- ... 

:i' 
,.Q 

e 
6 
i = .., 
£ 
5 

0 

0 

0 

0 

'VI :c 
,.Q 
'-' .. ... : .., ... 
~ e 
>l.. 

"Frac ... using 174.5 bbls wf 135 in 6% KCl wtr w/10% methanol+ adds, 40 tons C02 ..433 bbls 70Q C02 
foam. Flush w/69 bbls 6% kcl wtr w/10% methanol" 

1,422 "Fr c ... using 98 bbls wf 135 in 6% kcl water w/10% methanol+ adds, 28 tons C02 ... 275 bbl70Q C02 Yes 
foam. Flush w/33 bbls 6% kcl w/10% methanol." 

.•.••.• "Fr~~:.·. ~;i~i i7c)h.h.i wr i3s·i;; 6% k:~i ~~t"e~ -~iio%· ;;_;"e'th.~;;_;j +. ~da;: 56;:;;;_; c62~.: :r8·8-bbis. 76Q c"62 •..•••• 
foam. Flush w/33 bbls 6% kcl w/10% methanol." 

.•..•.• "Fr~~: .·.~;i~i i 74· h.6i ~f i35 ·i;;_ "6%. K.ci ~~t~; ~;io% -~~ih'in"~(-; ~cici~: s"(t·o-n"s. coi.:.264. bbis. 76Q c"62 •..•••• 
foam. Flush w/41 bbls 6% kcl wtr w/10% methanol." 

97 "Frac ... using 298 bbls wf 135 in 6% KCl water w/10% methanol+ adds, 106 tons C02 ... 1000 bbls 70Q No 
C02 foam. Flush w/25 bbls 6% kcl w/10% methanol."Frac ... using 174 bbl wf 135 in 6% KCl water w/10% 

.•.••.• t;:~!~~~~l. ~ _a_d_c!_s" ?.1. !~n,;s. S:~~-~-.2.6.':. ~~!s. ?9~ S::.<?? -~031!1:~ ~!~s-~ ;:vj~ I. ~~l_s_ ~~- ~~! ~t~ .~U.f!. ~ !l!~!~a_n,;~l;'~ •..•••• 
"Frac ... 159 bbls wf 135 in 6% KCl water w/10% methanol+ adds, 50 tons C02 .. .496 bbls 70Q C02 foam. 
Flush w/30.5 bbls 6% kcl water w/10% methanol." 

· • · · • · • "Fr~~: .·.~;i~g is(ih.h.is. ~f"i35 i~ 6% -~~th~~~i (t).p-;; 6o/~ k~i ~~t~~ ~ii6%·~-eth~;;_;j·i]"+ "acid;; 43"t~~·s· • · · • · · • • • • 
C02 . ..452 bbls 70Q C02 foam. Flush w/38 bbls 6% KCl w/10% methanol." 

.•..•.• "Fr~~: .-.~~i~i 2o<ih.h.is. ~"{ i35 i~ 6"%"f~l~i ~-;io% ~~ih'i~~i+ ~-~icis: 6'i i~n"s. co2.:.6"lii6bis. 76Q c62 ..•..•••• 
foam. Flush w/46 bbls 6% kcl w/10% methanol." 

817 roducing in Wind River Formation. Six perforated intervals from 1418' to 2964'. No information provided No 
on stimulation. 

102 "Frac ... using 165 bbls wf 130 in 6% kcl water w/10% methanol+ adds, 39 tons C02 .. .458 bbls 70Q C02 
foam. Flush w/18 bbls 6% kcl water w/10% methanol." 

.•.••.• "Fr~~: .•. ~;i~i i 53· h.6is. ~f" i36 i~ 6"% "K:k:~i ~~t~~ ~ii6%" ~~th.~;;_;j 'i-" ~cid;, ".35 i~~; c62~.~398 11·1; 7o'Q "co2· .•••• 
foam. Flush w/27 bbls 6% kcl water w/10% methanol." 

· • · · • · • "Fr~~:.·. ~;r~g- ios"h.h.is. ~f"i36 i~ 6% ·f~i~iioo/~ ~~th.~~~i + ~cici~: 2i ·t;~; ·ca·i .. .232"661~·7oc)co2 r;~;;.;. · · · · · · · 
Flush w/32 bbl6% kcl water w/10% methanol." 

.•.••.• ·:Pr-;;~: ~- ~~i~i .144~4 "b'6i~ -~fi3o· i;; 6% K'Ci ~~t~; -~ii6%" ~-eth.~;;_;j 'i-" ~dd;:i9 t~;;_; c6L333 11i~ 7o·Q "co2 •••• 
foam. Flush w/43.8 bbl kcl water w/10% methanol." 

.•.••.• "Fr~~:.·. ~;i~i i77:3 11"1~ ~r i3o·i~· 6o/: k:~i ~ilo·%·~~th.~~i 'i-"iJcis: .3.8 i~~; c"62~.~33i 11i; 7o(;i c62" fo"a~~ .•••• 
lush w/46 bbls 6% kcl w/10% methanol." 

414 "Frac ... using 92.1 bbls wf 130 in 6% kcl w/10% methanol, 20 ton C02 ... 228 bbls 70Q C02 foam. Flush No 
w/18.5 bbls 6% kcl w/10% methanol. 

· • · · • · • "Fr~~:.·. ~;r~g- 7o:s 11·1~ ~r i3c)i~-6o/~ k:~i ~ilo% -~~if~~~( "i4 i~~ co2:.: i49 11·1~ 7o·Q ·ca2· r~i~: F-i~;f · • · · • • • • 

.•.••.• ~(~~·?.~~l_s.~~- ~~~ ::v!I?:!' .t;:~!~~~~l~·: ••.•.••.•.••.•.••.•.••.•.••.•.••.•.••.•.••.•.••.•.••.•.••...•••• 
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!~Si 
"Frac ... using 75.9 bbls wf 130 in 6% kcl w/10% methanol+ adds, 14 ton C02 ... 160 bbls 70Q C02 foam. 

lush w/24 bbls 6% kcl water w/10% methanol." 

"' &: 
= 
~ 

§} o· 
~ 

· • · • • · • "Fr~~: .•. ~~i~i 85~2 'b'b"1~ ~i i30·i~-6o/; i:~i ~~t~; ~iio%· ~eti't;~;i +. ~dd;: i9 i~~ ·c.o2~.". i so "b'h'l~ "766 ·c.a·i · · · · · · · 
foam. Flush w/28 bbls 6% kcl water w/10% methanol." 

....... "Fr~~~-~tis·i;;_g· i7s.3· bbis. ~f" i3o ;~ 6"% ·f;1 ~ii oo/; ~~th~~~i ·; ~cici~: 47 ~7 t~~ co2~.~46o 'b'b·1~ 7"o"Q ·c.a2· r~~~: ..... 
lush w/31 bbls 6% kcl water w/10% methanol." 

.•.••.• "Fr~~ "tis·i;;_g· i36.3"6bis. ~f"i3o ;~ 6% ·f;(~~t~r· ~iio% ~~th'a;;;r; ~ci'd~; 3 i"t~;;s·coi.:.335"6i;is"7oci co2 •..•••• 
foam. Flush w/33 bbls 8% kcl water w/10% methanol." 

.•.••.• "Fr~~: .•. ~~i~i i 9() 66is. ~f" i3o ;~ 6% ·f;(~ii oo/: ~~th.~~~i + ~cici~: 5 i:i t~~ c62:.~498 "b'b'l~ 7iiQ "C.o2· r~~~~ ..... . 
Flush w/36 bbls 6% kcl w/10% methanol." 

.•.••.• "Fr~~: .-.~~i~i i34"6i;is. ~f"i3o ;~ 6% ·f;(~iioo/; ~~th.~~~i ·; ~cici~: 2i:s i~~ c62:.~242 "b'b'l~ 7"oQ ·c.a2· r~~~~ ..... . 
lush w/40 bbls 6% kcl w/10% methanol." 

....... "Fr~~~--. ~~i~i 8(i66is-~f"13o ;~ 6% "k'c"(~iioo/; ~~th.~~~i + ~cici~: i 7 ·t;~·coi.~.E7"6bis. 760.. co2 [;~;;.;-.· .... ... . 
lush w/43 bbls 6% kcl water w/10% methanol." 

.•.••.• "Fr~~: .•. ~~i~i i 28~ 4 b"b'1~ ~r i 3() i~· 6o/; i:~i ~ill)%. ~~th~~~i +. ~cid;, ·.3 it~~ c6 2: .~283 "b'b'l~ "ioQ ·c.a·i r~~~~ ..... . 
lush w/46 bbls 6% kcl w/10% methanol." 

.•.••.• "Fr~~:.·. ~~i~i io5"66is. ~f"i3o ;~ 6% ·k';(~iioo/: ~~th.~~~i + ~cici~: 2o ·t;;.;coi.~."l92"i;i;is"7o0.· co2 [;~~.- •.. •••• 
Flush w/50 bbls 6% kcl water w/10% methanol." 

1,686 Producing from Wind River Formation. Information on perforation and stimulation missing from well No 
completion report 

1,375 Pre clueing fro m Wind River Formations (8 perforated intervals).lnformation on stimulation missing from No 
well completion report. 

3,225 "Fr c ... using 102.8 bbls wf 130 in 6% KCl w/10% methanol+ adds, 24 tons C02 ... 219 bbls 70Q C02 No 
foam. Flush w/31 bbls 6% kcl water w/10% methanol." 

....... "Fr~~: .·.ir;iti'i ii2:6 'b"b'b'l~ -~r i30·i~-6% K'Ci ~i1o% -~~th~~~i +"icicis·, "is· i~~i c"62.·.~ii9 i>i>i 7iiQ ·c.a2· ........ . 
foam. Flush w/42.2 bbls 6% kcl water w/10% methanol." 

.•.••.• "Fr~~: .•. ~~i~i i7Y6 "b'b'l~ ~fi3o· i;; 6% K'Ci ;;~t~; ~i!o%· ~-eti't~~~i +. ~dd;, "4i t~~; c6L397 'b'bi~ 7()Q "C.o"i .... 
. foam. Flush ,v/44.~ bbls.6% kcl wat'<r w/10%methanol." 

. •.••.• "Fr~~: .•. ~~i~i i 2Y 6 b"b'1~ ~r i 3o· i~· 6o/; i:~i ~~t~~ -~ iio%· ~eti't~;;_;j +. ~dd;: 24 ;:;~~ c6 2: .~224 b"b'1~ 7"o"Q "C.o2· .•••• 
foam. Flush w/47 bbls 6% kcl water w/10% methanol." 

0 "Frac ... using 120.2 bbls Wfl25 in 8% KCl with 10% methanol, 38 tons C02 ... 277 bbls 80Q, 75Q, 70Q, and No 
60Q C02 foam. Flush w/49 bbls 6% KCL w/10% methanol" 

· • · • • · • "Fr~~: .-.~~i~i i4o~3 h"h'1~ ·w"r"iis ;~ s"%":Kc(~ith. ioo/; ~~th~~~i." 4S"t;~~ ·coi.~.325"66l~·so6: 7·s·Q: 7oCi. • • · · • • • • 
and 60Q C02 foam. Flush w/56.5 bbls 8% KCl w/10% methanol" 

· · · · · · · "Fr~~: .·. ~~i~i i3s~9 'b"h'l~ Wr" iis ;~ 6% ·:Kc(~ith. i oo/; ~~th.~~~i." 36 ·t;~~ ·ca·i.~.270"661~ · so6: 7s"Q: 7oCi. ·&: · · · · · 
60Q C02 foam. Flush w/67 bbls 6% KCl w/10% methanol" 

· · · · · · · "Fr~~: .-.~~i~i i53~6 'b"h'l~ Wr" iis ;~ 6·%-K.c(~iioo/: ;;_;~th~~~i: 38 ·t;~; ·c.M. ~."iii i>i>i; s0Ci:7s0.: 7iiQ: ~~ci- · · · · · 

460 

60Q C02 foam. Flush w/79 bbls 8% KCl w/10% methanol" 

"Frac ... using 144.2 bbls wf 125 in 6% KCl water+ adds, 37 tons C02 ... 290 bbls 70Q C02 foam. Flush w/5 Yes 
bbls 6% KCl w/10% methanol" 

· · · · · · · "Fr~~: .·. ~~i~i i 2o~ 4 'b"b'1~ ~r i 3o· i~- 6o/~ i:~i ~~t~~ -~ iio%· ~e'ti't~;;_;i +. ~dd;, ·is ;:~~~ co 2~ ~."1so· i;i;i 70Ci c62 · · · · · · 
foam. Flush w/63 bbls 6% KCl water w/10% methanol." 
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864.1 " R 5/ /2001 15.17 10.14 22.4 7.69 X 
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------- ii69-F'l-si3-J2oo·(·----

19.85 31.3 

20.68 28.7 
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"Frac ... using 116.7 bbls wf 130 in 6% KCl water w/10% methanol+ adds, 22 tons C02 .. 170 bbls 70Q 
C02 foam. Flush w/65 bbls 6% KCl w/10% methanol." 
"Frac ... using 131.2 bbls wf 130 in 6% KCl w/10% methanol+ adds, 24 tons C02 ... 223 bbls 70Q C02 
foam. Flush w/66 bbls 6% KCl water w/10% methanol." 

------- "Fr~~:.-. ~;r~i i46:4 11-1~ ~r i3o·i~-60,{ K'Ci ~;t~; ~i1o%·~~ih.~~~i +-;dd;, ·21 i~~; c62:.:is i 11E 7o'Q ·co2 ----
foam. Flush w/69 bbls KCl water w/10% methanol." 

1,153 "St rt frac & pump 86 bbl80 Q C02 foam ... Leak on wellhead. Flush w/37 bbl kcl water. .. Start to frac Yes 
again ... Leak on wellhead again ... Frac using 67.7 bbl wf 125 in 6% kcl water w/10% methanol+ adds, 16 
ons C02 ... 119 bblSOQ C02 foam. Flush w/37 bbl6% kcl water w/10% methanol." 

------- "Fr;~: .-.~;i~i io"(6 'b"6i~ ~r i3o·i~-6% Ei ~iio%-~~ih.~~~i +-;cids~ "i4 i~~; c"62:.:io7 11i; 7o'Q co2· ida·n""t:. ----
lush w/39.4 bbls 6% KCl water w/10% methanol." 

------- "Fr;~: .-.~;i~i i27:4 'b"b'(;rY3"o i~ 6% K.Ci ~~ie~-;iioo/: ~e-ti't;~;i +- ~cici;: 33 i;~~ c62~ :.2·8-8 bbi 7o'Q c62". ----
foam. Flush w/41.3 bbls 6% KCl water w/10% methanol" 

------- "Fr;~: .-. ~;i~i i o8:s 'b"b'J";n3·o i~ 6% K.Ci ~~ie~ ·;iioo/: ~e-ti't;~;i +- ~cici;: 29 t;~~ co2:.~26 "b'b'l~ "i6Q ·ca·i-. ----
foam. Flush w/43 bbls 6% KCl water w/10% methanol." 

------- "Fr;~: .-.~;r~i io3:6 1"6i~ WF" i3o-iil-6o/~ K'ci ~;t~~ ~iio%-~~ih.;~;i +-;dd;,"ii i~~; c62:.: i7o 11i ·ioQ ·co:i----
foam. Flush w/48 bbls 6% KCl water w/10% methanol" 

9,051 "Fr c ... using 161.2 bbls Wf 125 in 6% KCl water w/10% methanol, 45 tons C02 .. .441 bbls 70Q & 60Q Yes 
C02 foam. Flush w/50 bbls 50% C02 & 50%- 6% KCl water w/10% methanol." 

------- "Fr;~: .-. ~;i~i 2'0'0:.3 'b"b'1~ ·vi{ iis ;~ 6"% "K.c(;;i';r-~ii o% ~~th.·a~-oi: so-t;~~ ·coi.~ :466 1bii 7o'Q & "66Q---. ----
C02 foam. Flush w/58.5 bbls 6% KCl water w/10% methanol." 

------- "Fr;~: .-. ~;i~i i 78:5 b"b'1~ \v"r" iis ;~ 'li% "K.c(;;i';r-~ii o% ~~th.·a~-oi: 4 i-t;~~ "coi.~ .-3 72 11E 7o'Q & "66Q---. ----
C02 foam. Flush w/62.5 bbls 6% KCl water w/10% methanol." 

- ·-- ·- • "Fr;~: .-.~~i~i ·Js3: i "h'h'l~ ·vi{ iis i~ "6%-K.c(~;;-;r-~iio% ~~th.·a~{oi: 28 ·t;~~ ·coi.: .-i62 1'bi~ 7o'Q & "66Q- ·- · · · · · 
C02 foam. Flush w/68 bbls 6% KCl water w/10% methanol." 

------- "Fr;~: .-. ~~i~i ss:2 11-1~ wf" iis ;~ 6% ·K.c(;;t"e"r-~iioo/~ ~~th.;il.;i -_,.- ~cici~: 45 ·t;~~ ·coi.: :334.8- [h'h'1~ i so'Q: · ----
75Q, 70Q & 60Q C02 foam. Screened out." 

--.-----. "Fr;~: .-.~;i~i i36:2 'b"b'1~ \v"r" iis ;~ 6-%-K.c(~;t";r-~iioo/~ ~~th.·a~-oi -_,.- ;cici;: 38-t;il.~-coi.: :258 b1E 8o'Q:--. ----
75Q, 70Q & 60Q C02 foam. Flush w/70 bbls 6% KCl water w/10% methanol." 

------- "Fr;~: .-.~~i~i i78"h.h.is"wf i25"i~-6o/~ 'Kci ~;t~; ~ilo·%-~~ih.~~~i +-;cid;, "58 t~~; c62:.-.4i 7"h.h.is-soO.: "i5·Q: ----
70Q & 60Q C02 foam. Flush w/70 bbls 6% KCl water w/10% methanol." 

~~--5- ??\c0~~ J;~c~~2o·o1·--- ---- -H:1§- ~i:6 ----- H~-- ----- i- -~ ~29 ______ ~ ____ 3,~?~ :·y_r ~:·:~~~~~ ~?~~ _b_!J_l~ .?.~-~S:,l ___ ."Y~~~~- :;:<:,t~!l~?! :+:_ ~9-~~1~_<:_:?_2:' ____________________________________ . ~.? .. 

- ·-- ·- • · 665:4" R" si 2ho"o1·-- • ---- ·B:ss· 29:4 ·-- ·- 7.72· • ---- • x· -~ :7s 

- ·-- ·- • ·743:9" R" si iho"o1·-- · ---- ·B:so· 28:3 ·-- ·- 7.93" • ---- • x· -~ ~38 
------- 829:iv; R"2i iho-o1 ____ -----9:6s3:p·-- -----6.34-- ----·pco ---

13-12 66 .4 WR /l/2CP1 11.64 21.7 12.27 8.41 X 8 504 0 

"Frac ... using 134.4 bbls WF125 in 6% KClw/10% methanol, 40 tons C02 .. .332 bbls 70Q & 60 C02 foam. 
lush w/30.8 bbls 6% KCl water w/10% methanol." 

------- "Fr~~: .-.~;i~i iY9"h.h.is"-wFi25"i~-6o/:'Kci ~;io% -n"'t~ib';~~( 32-t"o-n"s-coi.:.26"ih.bis"7o(i & 6o(i c62" ida"n"'t:. ----
lush w/33.7 bbls 6% KCl w/10% methanol/' 

- ·-- ·- • "Fr~~: .-.~;r~i io4:4 h"b'1; "lis" i~ 6% "K.ci -~iio%· ~e'tt;~;i,"ii i~~; co2:.:io9 'b'h-1; 7"6Q -& "666"coi r~~~-·- · · · · · 
lush w/38 bbls 6% KCl water w/10% methanol" 

------- ''Br·e;kci;~~ -pe~fi ~;6% "K.c"L::3s 1'bi~.--~;t;rt b;i(s·e-ai,;:s: i>;.i'n"'tp-.~ :48 1'bi~ 6% "K.cr:.·. :F-iti'sh ~;i 7"661~-6%-- · ----
KCI.. .No gas." 

221 "Frac ... using 87.9 bbls wf 125 in 6% KCl water w/10% methanol, 21 tons C02 ... 170 bbls 70Q & 60 Q C02 Yes 
foam. Flush w/33 bbls 6% KCl water w/10% methanol" 
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706.2" R6/ /2001 10.92 26.4 18.96 7.27 

16.89 26.3 17.58 7.87 

·- ·-- ·- · 9oS:6VI R' 5i iho"o(- ·- · ---- "i7:33- 23:4 i7.s·s· io.io· 

34-11 WR 

13-1 WR 

~ ~-_1-~ ??. ~~~i ~~/_2_C~l- •••••••• 
655.9_,~R8/ /2001 

12.07 25.0 ----- i2:cw 25:6 
-----io:72-25:o 

7.45 
7.13 :::::::.~~H~ ~~; ;~~~r:::: -----i6:24"3o:6 ----- s.8r· 

·- ·-- ·- · 922:9 v; R" 8i hooY ·- ·- · ---·Ta4·---- ----- 9.i3--
21-1013 OPUS/ /200 27.58 24.13 30.0 
·- ·-- ·- i392(f'C8ls·; ooi-23.44-- ---- ·2s:86-32:6 
· · · · · · · · i44.7"F'i "Sls·; ooi"7.s4· i7 93·· ------- 3o:6 
------- i47i"F'C8ls·; ooi-26.4·5-- -----26:26"35:6 
·-·--·-·m9-F'C6li; ooi"i9.04-- --------------­
.- ·-- ·- · i57o"F'C7l3-l 2ooris.3"i ---------------

43-1 622.17 WR 9 l/20C 1 11.72 13.84 20.2 

6s9:iv; R" si iho-oi- ·-- 14.21 24.2 
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---··x-9 596 

X 6 976 12 8,50 

X 8 264 

X 9 508 
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"Frac ... using 135.2 bbls wf 125 in 6% KCl water w/10% methanol, 35 tons C02 .. .323 bbls 70Q & 60Q 
C02 foam. Flush w/36 bbls 6% KCl water w/10% methanol" 

"' = .... 

~ 
tj~ 

~l o· 
~~ 

· -· --· - "Fr~~: .-. ~;i~i 7 6~ i 11·1~ ~t' i 25 -i~-i/i;; K:ci ~~t~; ~ l(o% · ~~th.~~;i,-i4 ;-~~; co2:.: i i 8 bbi; 7oCi & ·6oQ ·e:a·i · ----
foam. Flush w/38.5 bbls 6% KCl water w/10% methanol" 

. -.--.- "Fr~~: .-.~;i~i i25~4 b"6i~ ~r i2s·i~-6o/~ K"Ci ~~t~; ~l(o%·~-eth.~~;i, 'i4 i;~; co2:.~i58 11i; 7o(i & "66Q.-- .. ----
C02 foam. Flsuh w/43 bbls 6% KCl water w/10% methanol" 

· · · · · · · "Fr~~: .-.~;i~i io2~6 b"6i; ~r i2s·i~- 6o/~ K"ci ~~t~; ~l(o%·~-eth.~~;i, "iii;~; cor.~ i86 11·1; 7oCi & "66Q · · · · · · · · · 
C02 foam. Flush w/45 bbls 6% KCl water w/10% methanol" 

. -.--.- "Fr;~: .-.~;i~i .145~4 "b'b'l; ~r i2s·i;; 6o/; K"Ci ~~t~; ~l(o%·~-eth.~~;i, "35 ;-;~; co2:.:3i6 11·1; 7o(i & "66Q.-- .. ----
C02 foam. Flush w/46.5 bbls 6% KCl water w/10% methanol" 

1,227 Producing fr om Wind River Formation with 9 perforated intervals. Information on stimulation missing from No 
well completion report. 

0 309 Produced in Wind River Formation (7 perforated intervals). Information on stimulation missing from well No 
completion report. 

_. ___ 6;}_. __ • _ "_F_r~~;·;~~9SS?,~ f~~l_?~;·~?-~~l_:;_~S:_l"} _l?.~~l_s_<:S?_~'~. _. __ • _. __ • _. __ • _. __ • _. __ • _. __ • _. __ • _. __ • _. __ •. ~.? •• 
"Frac ... 70Q C02 foam ... 87 bbls KCl, 117 bbls C02" 

. -.--.- "Fr;;~:P~;;;p- 7o(i c62-t'o;~:.~88-b'b'l; "K.cf i52"b'b'l~-coi·~.-.--.-.--.-.--.-.--.-.--.-.--.-.--.-.-- .. ----

.-.--.- "Fr;;~:P~;;;p- 7o(i c62"t'o;~-~.-iiihhi;K"ci, "i83 bbi; c62~--.--.-.--.-.--.-.--.-.--.-.--.-.--.-.-- .. ---­

. · · · · · · "Fr;;~:P~;;;p- 7oCi r;~;;; .. -.92 "h'b'l; "K.cf 99"6'61~ ·coi·~ · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · 

_. ___ 9,~?? ~'_F_r ~:!?:~~~~~~.?. ~!? -~~1-. _ ~ -~S:.!;·~!'~~l2~~ _7_0_9._C:,?_2_ ~<?.~~-~r~~ -~sj:_J.~;·; ~~~ ~~!~ ~<:!·.~~~ ~_!J!~ ~?~~·-. _. __ .. ~.?. _ 

0 

"Frac-Breakdown w/4 bbls KCI. .. Pumped 70Q C02 foam frac using ... 226 bbls KCl, 316 bbls C02". 
. -.--.- "Fr~~:fl~~~fd~~~-~i3 "6'1; "K.c"Ci>~~p~d 7o·Q "co2· f'~~~-rr~~ "ti'i~~g:.: i44 b1i; K"ci," i39 11·1~ c62;,--.-.-- .. ---­
· · · · · · · "Fr;;~:fl~~~fd~~;; ~;6o"661~ ·K.c"Ci>~~j; -~ith-76(;)coi [;~;;; r;a·c-~;i~g~.~ i62 "h'b'l; ·K.cf i 72-61~ ·coi,- · · · · · · · · · 
. -.--.- "Fr~~:fl~~~fd~~~-~i29 "b'b'l~ "6%" kef ~.'Pti'~p~~~ 76(;i coi 'fr~~ ~~iti'i.:.i 4"( bbis-kc( -14"6 bbis-coi·;-.-.-- .. ---­
.-.--.- "Fr~~:fl~~~fd~~~- ~ii2"b'b'1~ "6%" kef ~.'Pti'~p~~~ 76(;i coi 1;~~ r;~c- ~;i~-g- 74 "b'b'l; "6%" kcC i26 1"6'1;.-.-- .. ----

C02 ... screened out w/6 bbls of the 4 PPA & 32 bbls of6 PPA left in csg. Pumped 70.4 bbls 6% KCl & 
screened out again". 

::::::: "Y!~~~~r~~~~~~P: ~!! ~:~~1~ :~~: ~~C Y.~~P~~: ~q9: ~S:i~ !?~~ ~~[~i ?9~: ~Hs: ~r~ K~[-~-?~?:~~1~ :¢~~,::::: :::: 
"Pump 10 bbls 8% KCl into formation" 

"Frac .. using 6 .2 bbls W F 125 in 6% KCl water, 15 tons C02 ... 147 bbls 70Q and 60Q C02 foam. Flush No 
w/31 bbls 6% KCL water" 

. -.--.- "Fr;~: .-. ~;i~i 79~4 'bb-1~ w"F i25 -i~-6o/; K'ci ~~t~;: 2o t;~~ co:C i 74 'b"b'1~ "ioQ -~n"ci 6o(i c62 "to;~.- f:iti;b'- .. ----
w/33.5 bbls 6% KCL water" 

. -.--.- "Fr;;~: .-.~;i~i 89~ i 11·1~ w"F i25 -i~-6o/; K'Ci ~~t~;: 23 t;~~ c6:C222 "b'b'l~ "ioQ -~ti'ci 6o(i c62-ro·a~: f:iti;b'- .. ----
w/35 bbls 6% KCL water" 

. -.--.- "Fr;;~: .-.~;i~i i24~8 b"b'1~ "WF' i25 -i~-6o/; K'ci ~~t~;: 4i "t;~~ c62~.:357 "b'b'l~ "i6Q -~ti'ci 6o(i c62-ro·a~~ f:iti;b' .. ----
w/39 bbls 6% KCL water" 

. -.--.- "Fr;;~: .-. ~;i~i i"12~ i b"b'1~ "WF' i25 -i~-6o/; K'ci ~~t~;: 32 "t;~~ c62~.~289 "b'b'l~ "i6Q -~ti'ci 6o(i c62" ro·a~~ i:iti;b' .. ----
w/45 bbls 6% KCL water" 

3,176 Producing in W ind River Formation ( 10 perforated intervals). Information on stimulaton missing from well No 
completion report. 
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· · · · · · · · 8so~ i v; R' 9i si2<io1· · · · · · · · · i o~64 · 2 r2 

9i4~4v; R'9i 4i2<io1···· ·····2o~39"i2~4 
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X 8 900 
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........ ii34"F'C9i14 2o()(····· ..... i4~53"3o~9 ..... 5·_45·· ·····.x·2 :o3 

········i29iY("9i14 2oor····· ·····irii-27~6 7.98 X 2 ,81 
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20.68 26.0 8.68 X 1 ,05 ------- ""9;i i2oo i ·20. i · ----- W24. 3o~6 ----- 6.oo·· ----- .x··l :oi 
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118 Producing in Wind River Formation (6 perforated intervals). Information on stimulation missing from well No 
completion report. 

21,102 "frac ... using 108.6 bbls YF 125 LG in 6% kcl wtr, 30 tons C02 ... 287 bbls 70Q & 60Q C02 foam. Flush No 
w/28 bbls 50/50 6% kcl wtr & C02" . 

. . . . . . . "Fr~~: .-.~;i~i i()(4 "b"b"r~ "YF "i25 i"d -i~-6%. k:~i ~t;_-22 "t;~~ ·co2~.-.24i "b"b"r~ "766.·&.· 6o0.· co2 ·f;~~."F'r;;sh ....... . 
w/32 bbls 6% kcl wtr." 

....... "Fr~~: .-.~;i~i i39:5 b"b"r~ "Yf"i25 i"d·i~-6%"k:~i ~t;_- .38 "t;~; "c6Y.~342 "b"b"r~ "766."&." 660." co2 r;~~."F'r;;sh ....... . 
w/38 bbls 6% kcl wtr". 

· · · · · · · "Fr~~: .-.~~i~i 9"(9 11·1~ ~i i2s·i~- 6o/~ K'Ci ~t~_- 22·t~~~ ·e:a·i.~. i 76"h"6r~·7o0.· &: 6o(i r~~~~ "Fi~~h -~i42.3"66is. · · · · · 
6% kcl wtr" 

· · · · · · · "Fr~~: .·. ~~i~i 88~5 11·1~ ~i i25 -i~- 6o/~ K'Ci ~t~_-2o -t~~; ·ca2· .. ·. i 66 "b"6r~ "7o0.· &.. 6o ·Q ·ro~~--F-itis"h ~;43 "b"6r~ · · · · · · · 
6% KCl water" 

....... "Fr~~:.~ i32.4" 66is. ~f" i25 ;~ 6"% ·f;r" ~;, "36 i~~; c62.·.~289 11E 7o(i & "666. ·ro~~--F-itis.h ~;53 "66is. 6~{ k:~i ..... . 
wtr" 

....... "Fr~~: .-.~~i~i 2·14:9 b"b"r~~f" i25 ;~ 6"%"f;r"~t;, "72 i~~; c62~.~6i5 11E 7o(i & "666. ·ro-;,~_-F-iti;h" ~;W66is ....... . 
6% kcl wtr" 

....... "Fr~~: .-.~;;~g- i84:3 "b"b"r~ ~i i2s·i~-6% Ei ~t~_- s9·t~~~-coi.~.s3(i66is. 760." & 6oQ' c62"{o-;,~.- f:iti;h" ~;65" ..... . 
bbls 6% kcl wtr." 

139 "totals pumped ll2 bbls KCI, 218 bbls C02" Yes 
· · · · · · · ,,.i;t"~i~ -p;;n"Ip~;( i i 8 11E Kci."i so "h"h"r~ co2~·- · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · 
· · · · · · · "t;;;r~ -p;;n"Ip~ci-78 11i; K'a: s3 11i; co2~·- · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · 
· · · · · · · "t;;;r~ -p;;n"Ip~ci-io6 11i~ i(Ci: i34 "h"h"r~ co2~·- · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · 
· · · · · · · "t;ia"r~ -p;;n"Ip~ci-iii 11E i(ci,"i34.6.bhis. co2·; · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · 

_____ 1 _?_8 _____ ".!~t~!': p~~l2~~ }_8_ ~-<;:1, _8_8_ S:.<?~~ ______________________________________________________________ .1.:'.?. _ 
"Totals pumped 107 KCI, 162 C02" 

· · · · · · · "T~t~i; P~~p~d Y19hhis"K'ci, Yso c"62~ · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · ···· 
::::::: "J:~t~!~P~~£~~ )~~~Hs:K~r::~~~ ~:q?~::::::::::::::::::::::::::::::::::::::::::::::::::::::::: :::: 
· · · "Fra-c-pumped WF 125 70Q. :.Loar-X02 pump ... went to flush early to prevent screen out Totals pumped 

105 bbls KCI, 116 bbls C02" 
· · · · · · · "Fr~~=P~~P'e"ci Wf:. i25 7oCi~-~ t~t;~~-pti~'P-eci. i3 i "b"b"r~ "K.ci: i52"b"6r~·coi·~ · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · 

..... 1,~~? :·§_t ~~! ~!<:.~~ !1!-!i~, ??:'! ~~!~ ... ~<??: ~?-?-. ~~~ !~t~! !<?~~·: .............................................. y ~~. 
"92 bbls clean fluid, 150.7 bbl C02" ....... .,-8-i bbis" ~ie"a~- fi~id: 8 i."6 bbi c62~ ................................................................. . 

· · · · · · · "T~t~i ~i~~~ fitii;!"95 11E: ios.Y hhis. co2·; ··· · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · 
· · · · · · · .. -t~t~i ~i~~~ fitiici. 87 "hh"r~ ~~-;i 89.4 bbi co:z~. · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · 

4,816 "T tal pumped 143 bbls KC I, 219 bbls C02"· Yes ....... .,-f~t-;,i "P~"u;p~d" i26 11i; Kci, i 67" 66is. co2·~ ......................................................... . 
· · · · · · · "T~t~i 'P~~p~ci-136 11i; K'ci."2o6 11i; co:z;.· · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · ···· 
· · · · · · · "T~t~i 'P~~p~ci-156 11i; K'ci. ·242 11i; co:z;.· · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · 
· · · · · · · "T~t~i 'P~~p~ci-i4s 11i; K'ci."23o 11E co:z;.· · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · 
....... .,·s·c~~~~~ci-~tit-~it"h 8458it"i~- "1i;2o ·s-;,~ci-;; ~~i---~ t~i~i p~;;;p- 83~6 KCi:1o·8· bbis. co2·; ...................... . 

..... 9!.? ..... ".!~t~! P!-l.U!P~~ -~~ ??!': ~S:~--~~ ?~!': ~<??:' ......................................................... 1.:'.? .. 
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§ 
till = ~ till 

~1 
sv ... till 

; .$ '""' ·2 = a 
~ ~ "' ·~::~ = = ~ ~ "' ~~ ~~ ,.c: = a ;~ "' ~~ ~i :9 'a ~ 

~ .. till 0... e6 f ~ ·;;: "S..c Q ... = "' '-' f .. 
e ~! .§ ~ a ~ 

s a ""' a a Q~ ~E ""' ~ "'""' "' ,Q i ~~ "'. £~ a e =a ,Q "'"a l,l e '" till 

< 'a !:: S' ~ ,:.d"" ~i f = = S- .. in 
~ .. "' -.. ~ 

~ ~"' =o... i'i 5 ~ f "'~ ., ., 
Q= a~ f:~ ....... ... . ~~ ~6 £ ·c 

in <in < .So.. < .,.._ lXI'-' 

682.8 'A R 10 11/2001 10.26 14.82 30.0 16.10 7.96 X 1 ,86 
········7ss~i"R:io iih"ooi··· ((s9·ir79"3o~6 KsY i.or· :::::~:) ~~~ 
······· 947~3" R:io iii2"ooi··· (s~ss"ii~72"25~6 i:i.7ci 8.4s·· x 1 ss4 

"' i'i 
"' ~ Q 
jl 
'-' 

i 
~"""' §'] 
~ .. o..,,., 

12-10 72 .6 WR 0/26 ~001 7.58 1 .24 35.0 18.62 9.09 X 1 ,77 2 
······· 79o"Wli"i612 i2ooi·····14~4s"i7~93"25~6 21.2·( ····· ·····x-7244 ······ 

~~-.3. ~~~;~c0!§ ~ ~1v0~~2t~~i n · · · · · · · · · · · · · · · · · · · · ~:~~-i :~~-· · i · ~ §H ~ · · · · · 
·- · ·- ·- · 68~(\VB ·i;26 2oos·14.3:r · ---------- · ·· · -· ·- · i.si·i .o:r·- x· 6 573 
······· 727~6"R:ii i4h"ooi··· ··············· ····· 9.i4 .. ·····x·s 7is 
. • . . • . • . 774~8" R: i i i:ih"o"o"i" .•.••.••••••..•..•..•. 1i.2o· .••.• x. 7 944 
· • · · • · • · sso~4" R: i i sh<io1· · · • · • • · • • • • • • · · • · · •. ·. ·. •. ·. 9_ .. 5_ ·_(_ •. ·. •. •. ·. ·_pz_ ·. ·_1 ·_.7_7_ 
······· iio9"J3Ciii7 2oo·(····· ··············· 17.53 x 1121 

22-1 626.17 WR 1 /112GP1 pc 6 898 o 
· • · · • · • · 6s7~6" R: i i ih<io1· · · • · • • · • • • • • • · · • · · • · · • · · • · · • · • • · ·w ·1 :oo · • • · • • 
33-10W 064FU 12/1/ 00124.13 12.34 X 9 929 2 

'®" ~ '®" ~ ::::"'"' :5 t 2l " e 5 a.~ !i: ~ 

a ~ -a.E~i ~ 
!fi a a a t> :::: = ., 

~~~., ts1 -e "' ~ .. "' a 15 ·~ j Joo 0... 8·~ £ 6 ~~a~ ::::~ 
"Total pumped 93 bbls KCl, 127 bbls C02" .•..•.• "T~t~i; p~~p~d <is· bbis. K."c( "ii4 f,f,i; c"62·~ .•.•..•.•..•.•..•.•..•.•..•.•..•.•..•.•..•.•..•.•..•..•••• 

....... "Fr~~: Wf: "!is· 7oQ'.·. ~ t;t"~l; .pti'~p~ci-92 1bi~ K"Ci: 87 11·1~ c62~·· ........................................ . 

. . . . . 1 :'1 ...... "J:~t~!~ P?!l!l2~~ _1_1_2_ ~~!s. ~.9: .2.~3. ~~!s. ~.<2?~ ..................................................... ~.? .. 
"Totals pumped 107 bbls KCl, 180 bbls C02" . . • . . • . • "T~t~i; p~~p~d 6"i bbis"K"c( "10'4 i:,i:,i; c"62 ~ ......................................................... . 

. • . . • . • "T~t~i; p~~p~d Yiis"i,i>is"K"ci, ·13·4 i:,i:,i; c62~ •.•..•.•..•.•..•.•..•.•..•.•..•.•..•.•..•.•..•.•..•..•••• 

. . . . . 1:~?? ~·_:r: t~!~ P?!l!l2~~ _1_?_2_ ~~!s. ~- ... <::~" ~??.~~~s.<?S!.~'~ .................................................... ~.? .. 
"Frac-WF 125 70Q C02 foam frac ... screened out w/6032# .. .Totals pumbed 53 bbls 6% KCl, 86 bbls C02" 

•.••• 6?} .••.• "J:~t~!~P?!l!l2~~ 7.?. ~~!s. ~9: _1_1_1. ~~!s. ~!=??': ••.•.••.•.••.•.••.•.••.•.••.•.••.•.••.•.••.•.••.•.••.. ~.? •• 
"Totals pumped 99 bbls KCl, 131 bbls C02" 

::::: ::::::: "J:~t~!~ P~~~~~ :s:s: ~Hs: K~1~ ):S>: ~E~ ~:q?·::::::::::::::::::::::::::::::::::::::::::::::::::::::: :::: 
"Totals pumped 93 bbls KCl, 83 bbls C02" 

•..•. 1,??? ~·y_r ~ -~~~~ ~~l~ ~!i5'~:'.:~t:(: •..•.•..•.•..•.•..•.•..•.•..•.•..•.•..•.•..•.•..•.•..•.•..•.•..•.•..•.. ~.? •• 
"Frac w/100 bbls slickwater" .•..•.• "Fr~~ ·;i93 b1E ;ii~k:;;~t~~·~ •.•..•.•..•.•..•.•..•.•..•.•..•.•..•.•..•.•..•.•..•.•..•.•..•.•..•..•••• 

....... "Fr~~ ·;i68 b1E K"Ci: i63 11·1~ c62~·· ............................................................... . 
· • · · • · • "Fr~~ ·;i67 b1E K'ci," i io "6'6'1~ ·co2~·· · · • · • · · • · • · · • · • · · • · • · · • · • · · • · • · · • · • · · • · • · · • · • · · • · • · · • · • · · • · · • • • • 
.•..•.• "F.-r~~ ·;i95 b1E K'ci," i 63 11·1~ c62~·· ..•.•..•.•..•.•..•.•..•.•..•.•..•.•..•.•..•.•..•.•..•.•..•..•••• 
· · · · · · · "Fr~~ ·;i72 b1E K"Ci: i io ·b'b'1~ ·co2~·· · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · 

892 "Frac w/168 bbl 75Q C02 foam" No 
• · · • · · • · · • · • ·'f-"r;~ ·;ii97 1bi ·7·s·Q ·c;a·i r~~lit~' · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · 

8,228 "Fr c-BD w/6% KCI...Pmp 230 bbl 70Q WF-125 C02 foam .. .Total fluid 104, C02 tons. Stimulation report Yes 
indicates that 70Q C02 WF -125 foam and fluids used contained Biocide B69, Surfactant EZEFLO F1 03, 
Foaming Agent F104, Breaker J218, Breaker Aid Liquid J318, Slurry PSG Polymer J877, Clay Stabilizer 
L55. 

········ii46"J3Ciii3p;2ori(·.--~ ·••·••••••··•·· ····: 4.3o·· ·····x_·_.·_1 ·_,6_2_ ·••·•• •··•· 
· · · · · · · i i 7o·J3c i2ilp;2oo4· · · · · · · · · · · · · · · · · · · · o 

· • · · • · ~ ,·s·t;;t-7-0(ico2,"3 ie"b'b'f·: · ·: ·: · ·: ·: · ·: ·: · • · • · · • · • · · • · • · · • · • · · • · • · · • · • · · • · • · · • · • · · • · • · · • · • · · • · · •••• 
· · · · · · · "B;e~k~io-;~ -~ "i:i-;{e~~ ·g.;F• ........................................................................ . 

· • · · • · • · i i9i"J3C i2is 2oo4· · • · · • · • • · • • • • • • · · • · · • · · • · · • · · • · • • · • • o· • • • 
.•..•.•.••••• ?i • . • . . • . . • . • . . • . • • . • • • • • • . . • . . • ..•. i6.96" .••.• x. "1 :33 
· · · · · · · · iiiHcH!~~~gg.~. · · · · ~Y.§o\1~37. §~;6 · · · · · 9.65. • · ••· • x· 2 :s6o· ••· •• 
········mo·J3ciiil~;2oor···· 2"(ss·2r93····· •··•· 9.65 .• ·····x··1 :92 ·••·•• 

~!·.3. ~9~;~~!~}f _1_2_o_cp_! ~;~~ ........................ 4:·~?.~ }? ... ~-? ~~~ o 
534.9_" R 12 6/2001 19.3 14.48 25.0 8.48 X 5 126 

······· s7i~i\:\R:2i hoo·s-25~67 ··············· ····· i.s2"i .3o···x-69os ······ 
········s9sWii"i;2s2oos·i6.io· ·••·••••••··•·· •··•· 3.79·2 .r(··x-6657 ·••·•• 
········6i3~9"R:ii 6ho"os"Wi ··············· ····· 8.55"2 .9-s···x-7799 ·••·•• 
········73i~s"R:ii 2ho"os"2S:i ··············· ·····16.74" i4.ss·x·s i96 ·••·•• 
······· soi~6\:\R:i2 sh<io127~s ·····i7~93"25~6 ·····16.55. ·····x·s 657 
· · · · · · · ssi "Wli "ii;5 2ooi ·13.53 · · · · · · 2o~6s · 3o~6 · · · · · 3.72· · · · · · · x · 9 s7i 
:::::::·!§~~:~(!?(4 ~99:(~~-:s:~ :::::~9~~f~§~~ ::::: (~-?~: :::::~:~ §§~ 

· • · · • · • "Br·e~k'd~-;~-; "r':i~~~~ "ie"r~ • • · • · • • · • · • • · • · • • · • · • • · • · • • · • · • • · • .••.•.••.•.••.•.••.•.••.•.••.•.••..•••• 
· • · · • · • "T~t~i p~"u;p~ci-ii:i bbi; k'ci,"i63 1bi~ co:z;• • · • · · • · • · · • · • · · • · • · · • · • · · • · • · · • · • · · • · • · · • · • · · • · • · · • · · • • • • 
· • · · • · • "T~t~i p~"u;p~ci ·iii bbi; k'ci,"i29 1bE co:z;• • · • · · • · • · · • · • · · • · • · · • · • · · • · • · · • · • · · • · • · · • · • · · • · • · · • · · • • • • 
· • · · • · • "T~t~i p~"u;p~ci-is4 bbi; k'ci."i 54 1bE co:z;• • · • · · • · • · · • · • · · • · • · · • · • · · • · • · · • · • · · • · • · · • · • · · • · • · · • · · • • • • 

•..•. 2? •..•.• "f.r~~ -~~~~ ~~J.sJi.c_!<:~~t.e,;~ .•.•..•.•..•.•..•.•..•.•..•.•..•.•..•.•..•.•..•.•..•.•..•.•..•.•..•.. ~.? •• 
"Frac-BD w/6% KCI. .. Start 70Q C02 143 bbls ... 75 bbls water, 14 ton C02" 

· · · · · · · "Fr~~ ·;i86 b1i"sirck:~;te~;, · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · 
· • · · • · • "Fr~~ ·;i93 bbi"sii"ck~;te~;, · • · • · · • · • · · • · • · · • · • · · • · • · · • · • · · • · • · · • · • · · • · • · · • · • · · • · • · · • · • · · • · • · · • · · • • • • 
· • · · • · • "Fr~~ ·;ii 68 bh"!"siick~;te~;, • · • · · • · • · · • · • · · • · • · · • · • · · • · • · · • · • · · • · • · · • · • · · • · • · · • · • · · • · • · · • · • · · • · · • • • • 
· • · · • · • "Fr~~ ·;ii 64 bh"!"siick~;te~;, • · • · · • · • · · • · • · · • · • · · • · • · · • · • · · • · • · · • · • · · • · • · · • · • · · • · • · · • · • · · • · • · · • · · • • • • 
· · · · · · · "Fr~~=fli:i ;;;6% ·K.cC. s"t~ti ·76(). coi i 7<i 6f,C.22 ·t~~-coi_;.- · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · 
....... "Fr~~:fli:i ;;;6% "K.cC.st;rt-76()"co2 2i i "66is~.~ i69 "b'b'(fi~ici & 2o.io-;{ co2·~ ............................. . 
....... "Y.r~~~~P. ~~~~ :~S::C~y~j? :~~~ ?§~ ~<?~:~o:a~~-~~~ !~~ ~<?~~ )~J:W P~~~·~:::::::::::::::::::::::: :. :::: 
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1120 H 11/ f!/2001 19.99 19.65 30.0 X 5 139 

10.55 X 1 ,14 

22-11 56 .1 WR 2/15 ~001 12.83 12.07 30.0 7.38 X 9 885 0 
········69o~i"R:i2 Eh"ooi···2o~2o·ir79"3S:o ····· 6.sr· :::::~:) ;~~ ······ 

:::::::.~~~~~~~i~ ~~;~:~~r::~~~~rl~~~~:~~~ ~:::: j:~r -----i-~ "!~ 
········9oS:6"R:i2 i4h"ooc··24~i5-22~o6·3ro 2.3.44· io.s9· ·····.x·s3o3 
········9si~6"R:i2 i:ih"ooi··· ·····ir62"2S:6 29.5"8. ····· ·····.x·s 645 

~ ~-_3_ 79~;~ ~ {,. ~!~/- P.f!.1_ ....... 2,?~~~. !?;~~. ~?;<!, 
804.7 "R 12 12/2001 18.68 15.17 25.0 

······· s99~s" R:i2 iii2"ooi···19~os·is~62"25~6 
········ii67"F'i "i2i6 2oor29.3"o ·····24T3"27:6 

7.45 
8.66 
8.63 

X 5 648 1 
X 7983 
X 7 888 

·····.x·7 iii 

41-10 49 .2 WR /20/ po2 15.72 14.48 35.0 6.89 X 1 ,83 0 

:::::::: ~~~~~~ ~ g ~~~:~~ ~~~~ :::: :H~1r ~~~~ ::::: nr ::::: f ~ ~~~ · -----
--------789~i"Rii 9ho"oiii:s ·····is:s6"3S:o ····· i.i4 .. ·····.x··1 :ii 
· · · · · · · · s4riv; R: ii 9ho"oi i i~o 15.86 35.0 6.41 X 1 ,55 

:::::::.~~~~~~~g ~~~:~~~r1 13.79 25.0 8.96 X 6 562 
••••• .X"7 228 

14.48 30.0 X 1 ,81 1 
·····i4~4s"3o~o ····· 9.io·· ·····.x-62i4 ······ 

. ... . .x· 6 456 

............. ?i···· ......... . 
······· ii~Hci~ij ~bbf.it~-~- 18.62 30.0 8.56 X 6917 

19.99 35.0 6.00 X 1 ,56 

~ 
~ 

"" <> 

~ 
"t:l 
<> 
~ 

£ 

=i 
::::"'"' t: <> s 8.~ 

'5~~~ s § 8 t' 
i.ii~ 
·;::: 'S 'a.§ 

~~§1 
oov~n 

"Frac-Breakdown 29 bb16% KCl...Start 70Q C02 foam 162 bbls ... 57 bbls fluid & 19 ton C02 ... 21 bbls 
flush screened out w/4410# 6# sand in formation." 

<> = 
""' =i 
:::: 

~:) 8· 
::::~ 

------- "Fr~~ -~i6%- K"ci.: .·st~rt 7o(j c62 "{o~~: 235 "b"b'!; -si{;;r):. :.-nti;b' 57"66i 5o(i r~~~~ ~.3-i i;~ co2: i4()66i 6%. ---­
KCL" 

..... 1,~~? ~'!! ~:!?~~~~ .:'.:1.?.~-~S:,~; ·-·~!~ ... I! -~~1-~~ ~~!~ ??9. ~?~.~~~~"I ?Y:!P. S:~~·-?9 -~~~~ -~f-~~~~·~ •.••.•.••.•.••.. ~.? •• 
"Frac-Break w/6% KCl...Start w/180 bbls 75Q C02, 19 ton C02, 96 bbls wtr" 

....... "Fr~~:13~~~f ~i6%"K.ci ~.st~rt-~ii69 bbi~ 7.5Q ·ca2· t;a:~: 5"(6h.i g~i, "i9 i~~ co2~.- ........................ . 

....... "Fr~~:13~~~f 'd~~~ -~i6%"K.cC.-.st~rt-io"Q "coi i8s"661~~ .·.2o"t"o"n"s. coi," 55 'b"b"(i;( .·.s"c~~~~~ci ~~t "4i6i ;~ ..... . 
formation, 11540 in pipe ... Re-frac break w/6% KC150 bbls. Start 337 bbl 75Q foam, 36 ton C02, 147 bbl 
fluid ... screened out w/12331 in formation, 5867# in pipe" 

..... 1?7 ..... "f.r!l~:J?~~~~ .:'.:1_6_~-~~~;·; ~!~t! ??s:?..C:.?~,7_0_ ~~!s. !1~!~·- ?~ .t9!1S~~-~ ):]~~~ _2_4:, ~~!s. ?9~~~·: ............... !~~. 
"Frac-Break down w/6% KCL. .. Start 75Q foam, 96 bbls gel, 27 ton C02 ... 32 bbls 6% KCl flush" 

· · ~ · ·.· · "F~~~=fl~.~~f 'd9~~ -~i6~·K.:cc.·.~i~~-is6"i6s b'b·I~: t;a:~-63.5~661~: 2(it"o;; co:i~.~fi~~it-37 b'bE soi5o · · · · · · · · · · 
flush" 

· · · · · · · "Fr~~=fl~~~f 'd~~~ -~i6%"K.cc.-. si~ti "i56"ro·a~ "iis i>i>i: 64.5· fi~ici," 26 "t;~·coi.~ ~f'I-;{sh"~i4o.·5· hhis. 6% · · · · · · · · 
KCl" 

· · · · · · · "Fr~~=fl~~~f 'd~~~ -~i6%" K.cc.-.si~ti-i56"ro·a~ "iii i>1i;,"6i.5 "661~-ti.~fci, "26 i~~ ·co2:.·. "43.5 "b'61~ ·n~;h 6% · · · · · · 
KCl" 

· · · · · · · "Fr~~=fl~~~f ~!6"%-K.c:C.:sia:ti 7.5Q "r;~~ ·144-h.h.is: 4·4 hhis. fi~ici: i6 ·t;;.:coi.~ ~fi~~h. "44.5 "h"6I; "6%~.- · · · · · · · · · · · 
· · · · · · · "Fr~~=fl~~~f 'd~~~ -~i6%"K.cr ~."st~;t"75Q. coi "l5·o bbi h-;{ici~ iS"t~;; coi.·.~n~;r4s 1bi; 6% "K.ci'~ · · · · · · · · · · · · · 

..... 3~} ..... "f.r!l~:l?~~~~ .?.?.":I.: -~~6_"1'. ~_C;l; ;·.s.~:t. ??9. ~~~~' 7l. ~~~s. !1~!~·-~~ !9t.:~ .C:.?l~-~ _3_7_ ~~! ?9~~~·: ............... ~.? •• 
"Frac-Break down w/6% KCl...Start 75Q C02 foam, 175 bbls, 78 bbl fluid, 16 ton C02" 

....... "B;e~k" ~i6% 'Kci.".: st'a:ri 75"Q "r;;~: i46 b'b-1~," 43 "b'b"I"ti.~fJ,. i7 i~~; c62~.:s·c~~~~~;r;ti't-~i796oli i~ ............ . 
formation, 6340# in pipe" 

. ...... "Fr~~:13~~~f ~i6%"K.c( ~.s't~rt-76Q. ida~ "iss 11i;," si 1b"(titirci, "i4 i~~ c62~.:52 1'1"(6%" fi~~h~ ............... . 
· · · · · · · "Fr~~=fl~~~f ~i6%"K.c( ~.s"t~ti-7oQ·coi r~~;;;, ·4si 1i>k. i42 b'bi~ fitii~( 5·5· id~ c·o2~.-.ss "b'6i n~;h. "6%. · · · · · · · · · 

KCL" 
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8 8 j "' i ii !:; ! ·;:: 'S.c 
t is 8-= 8 

,Q -- "' i ,Q "'-; ~,j < l~ a ] - § --"; 
~ Q= ~ 

""'"""' 
Uai 

24-3B 13 3 FU 2 b/20C2 14.55 

:::::::: a~i:~r~;~ ~~~;~u?:; 
------- i47o-FCii3"c 2oo2-i2.<i9 
------- is34Yl- iii9 2oo2· i2.4"i 

Cll ..5 ~ -~~ ·e ft: 'S "' ~] "' a.e .= t 00,..-, 
.,:lE ~ .. 6 =a = e'-' 

~ s = "' 8 a~e ~ .s ... "' .• j ~ f~ Cll 
.,_ 

i t-3 .:0:""' ~] ; <ll a1.e >'I e .... "' 
'":iE ..... .... 

~i = t P:l'-' <iil < ..... ~ 
15.86 35.0 5.07 

27. 8 7.36 
21.72 35.0 23.24 6.17 
21.37 35.0 22.41 3.74 

----·2s:sT35:6 27.92-9.62--

·f "' = ~ 
8 ., 

't .. ;e Q 

£ i r: N' 
~I ] '-' 

"' t :s = ~ "' ~(i .. IQ,~ .. 
"= IQ,"C) 

"' IQ, "= ..:lE .... ·;:: e = 
""''"" = < ~ ~ 

X 1 ,83 2 

-----~-_1 .:!~ 
-----~-_1 .:!? 

X 1 ,66 
---- -.X- -1 ~28 

";;;' 
:Q 
,Q 
'-' 

8 :a .e e 
~ = 0 

"'"' = :S ., 
~t~ ,Q ..sl '-' e a~ s .. 

"' 'Q.@~i ~ ~ a sst> 
1 i~~§ U-
!:! U) ·;::'Sa 8 ·;:: £ ;JSS

00 
., .• ¢] 

~~ >=liilU..: 

13,316 "I rac-Breakdown ... start 70Q C02 foam- 564 bbls, 169 bbls gel, 62 tons C02 ... 65 bbl flush 50/50 ... did not No 
screen out ... monitored wel124X-3 offset, psi did not increase" 

: : : : : : : "f.r~~~ ~~~~~~~~p:.: .:t~!~lE :P.~~P~~: l ~4 ~~E I{?!.:~~ 7 :~~1~ :~?~~: .:~?~: ~~~~ !~~0Pi:·: : : : : : : : : : : : : : : : : : : : : :::: 
"Frac ... Breakdown ... Totals pumped 161 bbls KCl, 297 bbls C02" 

------- "Fr~~:fl~~~fd~;,;;_~_-f~iai ·p-ti"~p~ci-267 bbi; K:ci,"282 b"b-1~ c62;,·------------------------------------. ----
------- "Fr~~ ~ .-.'Br~;k:ci~~~--.: to"t;i p~~p~d "{9(i bbis- f<."c1~ ·25·4 i>i>ii c"ci2"------------------------------------. ----

11-ll_B _4 5~~----~- t-~~~~~~~-} :~~-- -------H~~ i6:~~- {1~2- ~ - -~~ §6-- --~ 13"056 - :~:~~::}lt;~~ ~g2o!~l~8b~~fsf~~le:~ c~~~;·.---------------- ----------------------------------- Yes 
-------. 566~3- WR." ii(si2ooS"i -9~:: ::::::: ~~:~ l~-9): ~-W: ::::: ~:: :~~ ~(: :: ------- "Fr~~~-~23 t~~ ·ca2· ~~d-95-i:>i:>ii a;a·n" fi~icF------------------------------------------------------. ----
------- 659 ____ \VR._ ii(8i2oos·i .23 35.6 2u3 7.o4 x 8, 15 ------- "Fr~~:.~i9t~~~~f"ca·i~~ci-9ii>i>ii~i;a"n"fi~ici"·--------------------------------------------------- ----
-· · · · · · · 6srs· WR." 2i(8i2oos"9 96 ___ ------- 36~3 i7.84" 7.56" · · --- · .x· · "ii 269" -- · · · · · · · ·¥r~~:.·.:27"t;it~ "o"r"coi ;itci"i24 b"bE ~i~~~ fiti"ici~·- · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · ----
--------965""" i3w" 2il'7i2oo5"i .48"""""""""36~7 i.3"(i 5"9""" ---··.x·· "i3 i56""" 

R 
-----·--io2r· ·u· ii14i2oo2"i .93"""i6~ss·3r6 . --.- .x·· T i3"" --

io45·-·m· 2i(5i2ooo5-1s:73 __________ _ ----- --- --- ------10.02 X 16 084 
io7s···m· 2il4i2oo2"9 (iis.--i·---35~6 ----- --- --- ------X 10 778 

· · · · · ·-- ms-· ·u· ii13i2oo2"i .76-- "i9~3i-3r6 ---··.x·· ·io666 __ _ 

--------i3i6-- m· 2i12i2oo2"i .ss··-2r72"35~6 X 11 547 
--------i375-- m· 2!9i2oo2"i962·-··w3i"3S:6 i.6i"" ---··.x·· "iS 569""" 
------- i4o4·-··u· iil2i2oos·i .·13··----------- 7.03 X 20118 
--------i-442"- ·u· i!9i2iio2"ii8s···-2n7·3r6 ----- ----- ·····.x·· ·9: is··--

--------ii39-Fi"2ii5 2oo2"i5.ri3-
-· · · · · · i i53 ·FC2ii5 2oo2· i5."8-6 
------- iiso-FC2ii4 2oo2"27.3"ci 

23-3 510.12 WR 2 112Cp2 16.55 

------- 64i~9\X R'2i ih(icii"""" 
--------77r4'XR"2i ih<iciiii:6 
------··mwli ·i;2o 2oo2"ii.4i-

15.17 30.0 
16.20 35.0 

12.07 25.0 

-----i5:i7"25~6 

---··.x·· 
X 

4.34 X 1 ,28 

7.93 X 8 741 2 

8.89 X 8 482 

------- ·¥r~~: .-. :32 "t;it ·;{ co2: 232 "b'b'l~ "ci~~~ "ti'tiid;,·----------------------------------------------------. ----

------- "Fr~~:.Yl;~~k' ~;6% "K.cC.F~~~ ;;si~g "i9i bhii 7o(i c62"fo~~: 64 "b'b'l~ "ie"( 22"t~~-co2.:."titis"h' ~;6% "K.ci-. ---­
&50/50 C02" 

------- ·¥r~~:.:.2"(( bbi ~j;;; fi~id "a"n"ci 42"t~~-co2·;-----------------------------------------------------. ----
· · · · · · · ·¥r~~=fl~~~f ~i6%-K.c( ~.i,~;~ ·ti'i;~g-386 bbi "iciQ ·c:a·i t;~: i4o:s "b"h-1~ ·iei: 37 ·t;~; ·c:a·i.~.s3~5 bbi; 6% · · · · · · · · 

flush" 
------- "Fr~~:J3~~~f ~i6%"K.c( ~.i:o~;~ "ti'si~g "346 bbi; 7o(i co2: "138"66is" g~( 3·3· i;~s- co2."titiih' ~;5(i66is"50i5"ci-. ----

C02" 
------- ·¥r~~: Br~~k"~i6o/; K:ci.: ~F;a"c-~~i~-g-7o(i c62 "fo~~: i57 "b"6i~ "iei: 37 ·t;~; "co"i.~.-64 bbi fftis"h' soiso_;,·----. ----
------- ·¥r~~: i3r~~k"~i6o/; K:ci.: ~F;a"c- ;,i438"b'b'l~-7o6" fo"a·rit: i45"b'b'l~-i;( so· to-n"s" co2.-. ~ti.~~h. "66%" co2_;,·------. ----
------- "Fr~~:.::pJi~pe-ci 356-b'b'i ~1~~~-ti.~id.-.:~~d 33· io"~s-co2·;-------------------------------------------. ----
------- "Fr~~: Br~~k"~i6o/: K:ci.: ~F;a"c-;,i28o"b'b'l~ "706" coi [;~;;, "83- bhii g~i, "is t~~; c62~·-------------------. ----

..... 297_ .... "_F_r!i~:J?P. :"'./!!~ .~S:_l;J!"~~ .!l.s~t;lol]?_q_f?~~·-?~ _!J_b_l~ _g_e},_ ?? _t?~~ .<??.2~~·??.~~l_:;_~q9_~o_a_~_f}:;~~·: ....... __ . ~.?. _ 
"Frac-BD w/6% KCI...Frac using 140 bbls 75Q foam, 41.5 bbls gel, 17 ton C02 ... flush 32 bbls 6% KCl" 

------- "Fr~~:J3t5 ~;6% "K.cC.'F~~~ ;;si~g "14"ii,i>is"75Q cci2 "fo~~: 4i "b'b'l~ "iei: i6"t~~~-coi.:.36"66is"6~{ K'ci""---. ----
-~- -.-- ~ "Fr~c:sn ~i6%~K.eC.'F~~~ ;;sing Y5-G "co2" [;:;-~: 92"66is-g~( "i3- ;;~ co2: ~.fiti'sh' ;i;38~5 bbi; 6% "K.ci';---. ----
· · · · · · · "Fr;~:J3t5 ~;6% "K.cC.'F~~~ ;;si~g 7-5-Q ·f;;~: 63 "b"b'1~ ·g-ei," 24 ·t;~·co2.: :ti.~~h. -~i46 i>bi; 6%·; · · · · · · · · · · · · · · · · · · 
------- "Fr~~: J3i5 ~ ;6% "K.cC. 'F~~~ ;;i~~g "i5-Q ·co2~ "ii3- i>i>ii g~i,-4 i i~~; c62- ------------------------------. ----
------- "Fr~~:J3t5 ~;6% "K.cC.'F~~~ ;;si~g -3-so i>i>ii 7o(i c62"fo~~: i i2 "b'b'l~ "ie"( 45"t~~-co2.:."54-hhis" 6% "KCi----. ----

flush" 
------- "Fr~~:J3t5 ~;6% "K.cC.'F~~~ ;;si~g -8·5-bbis- co2: 25"6'61; -i~-ro~~~ti~~,;--------------------------------. ----
· · · · · · · "Fr;~:J3t5 ~;6% "K.cl:.". :t;~; ~iin"i 85 "661~ "156-coi:ti.~~h. 2-5- i~ r~;~;ti~~-. ~-~~~;~~; ·17-hhis-~rss "6'61~;, · · · · · · · · 
------- "Fr~~:J3t5 ~;6% "K.cC.'F~~~ ;;i~~g -3-46 bhii 7o(i c62"{o~~: iii4 "b'b'l; "iei," 39-t~~- co2.".:ti.~;h.-~i46 bbi;----. ----

50/50+ 10 bbls 6% KCI. .. 111 of 190 recovere.d" 
1,202 "Fr c-BD w/6% KCI...Frac using 176 bbls 75Q C02, 44 bbls gel, 20 ton C02 ... 23 bbls 6% KCl + C02 No 

flush" 
· · · · · · · "Fr;~:J3t5 ~;6% "K.cCF;a·c-Ji;i~g- i 76 "h'b'l; ·7·5-Q ·c:a·i, ·si i>bii g~i,"io ;:;it ·ca2· .. -.3o "h'b'l; "6%-ti.~;h." · · · · · · · · · · · · · · 
------- "Fr~~:J3t5 ~;6% "K.c(Wa·c-Ji;i~g-75ci co2: iii9 "b'b'l; ·i;( 26"t~~-co2.:."3"6.5"b'b'l; "6%"K.ci ti.~~h."----------. ----
------- "Fr~~:J3t5 ~;6% "K.cCF;a·c-{i;~g-7sQ· co2: 64 "6'6'1~ ·i;( i9·t;~-co2.:.3·9 bbis- 5oiso fiti"si{. ~.-~;ci~ -r~~;~~;--. ----

122 bbls of 629" 
· · · · · · · "f.r~~~~P. ~~~~ :~S::(}~a:c: ~~ipj;: 7~9: ~~~.: ~~:~ ~~!~ ~~!.:~~ !~~ :~?}~-~~~:~ ~~j~ ~~:~~I:~~~~"::::::::::: :::: 
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!???.~~ -~~-~-~ ~99~-~~-7? . .,. --- .!?:~~- ~?:~ ----- ".·! ?. -1155 F, 2/2~ 2002 8.27 1[',96 35.0 4.07 
i372-F'C2ii9 2oo2-i5.3_8_ -----i6~89-35~6 ----- 5.38--

13.79 25.0 7.83 

-~ -e 
~ 8 <> :e 

~ ~ i 
l.'lj' 

..... 
~ .;,: 

f: ~ £• iil 
'l:l ~ g. 'l:l ·c 

~6 $ < 
X 6668 

-----~--1 2~7 
X 1 ,94 
X 8 056 2 32-11 53 .8 WR /26/ p02 12.55 

------- · 6o3~i\\ R" 2i 6h<ioi i7:4 ----·is~s6"3o~6 -----5.52-- -----x--9764 

::::::: · ~iFI~ ~ ~; t~~:~~ fN :::: :l~~~~: ~§:: ::::: ~-??:: ::::: ~:? ~§~ 
------- · 963~8 B N"-- ih3i2oor i .44-- -1~:6j-H-- ----- i:~~-- ----- i- -~ ~§i 
------- · io3s"F'i ~ii 2oo2"3o.(ii -----x--62i8 

------- · iio2"F'C2ii 2oo2"2o.3"4 ---- ·ir96-35"- 5.52-- ----- x-· -1 :42 
------- · mrF'C2ii 2oo2"26.2"o --------------- ----- ----- ----- --- ---
------- · ii6i"F'C2ii1 2oo2"24."8-i ---- -K§j- ib:6 ----- H~-- ----- i-·1 2 ~~ 

44-11 53 .4 WR /28/ p02 19.55 13.79 25.0 6.62 X 7 248 2 

:::::::: ~~~~~ ~ ~; ~;~~:~~~~~1 :::: :{~~~r H~~ ::::: 1:1:.~~: ::::: f Ht~ 
------- 996~7B N" -- ih8i2oo2-i .-17·· -i9~i7- 35:6 ----- i.52-- ----- x-· -1 :;,5 

------- · iio9"F'i ~ii8 2oo2"29.6_5_ -----i3~io-3o~6 ----- 5.w· --·-·x--8 255 

-·-- ·- · · mrF'C2iiE 2oo2"i3."i3- ---- ·2o~6s-34·- ·-- ·- 6.96- · ---- · x-· 2 :46 

42-9W 
32-9W 7 9.7 WR 3/19/~002 17.42. 
::::::: ~~~~(~~~~ ~~~~:~~!?~~ 
-------. ~?~:~,~ ~ ~~ ~~~!J_0_2_ ~~:~ 

1001 vv 3/1 /2002 23.9 

-----
-----
-----

!'8.27 '32.0 ------ ---- -----13.10 25.0 
i8~62" 3o~o -----
26~89" 28:6 -.---

6.83 X 1 2~? ----- -----8.76 X 7 487 
i6.34" ----- x-·9 784 
i6.55" ----- x-·9 562 

"' ~ 
"' .. 
0 

!i 
'-' 

-e 
~ 

8:>0' e; 
~"' 

'"' ~ e. 
8 
~ = 
~ 
a 

""' ~ "' :a 
~-e~ e. <> 
E 8.~ ~ .. .. 

'S~~i ~ ~ 
8 8 8 t' ~ 

'i .:ii"C ~l "' -~:ns. § g_~ .e 
!~~i l: o· 

~~ 
"Frac-BD w/6% KCL..Frac using 206 bbls 70Q C02, 65 bbls gel, 24 ton C02 ... 52 bbls 6% KCl flush" 

------- "Fr~~=fln ~i6% "K.cCF';a·c-~~i~g-492 -hhl~ "io(> ·e:a·i, "i84 11i~ g~i," so "t~~ ·e:a·i .. -.56-661~ "6%- K"ci fi~;h~---- · ----
------- "BD-~i6o/~ 'Kci.~.'F~~~ ;;si~g ·ioC> ·e:a·i,-i44 11i~ g~i," 53 t~~ ·e:a·i .. -.h~~h-~i67 1·h"1~ ·5ri% ·coi·~------------ · ----

1,027 "Fr c-BD w/6% KCl...Frac u sing 161 bbls 75Q C02 foam, 45 bbls gel, 18 ton CO [C02] ... 24 bbls KCl No 
flush" 

------- "Fr~~: J3i5 ~ i6% "K.cC. 'F~~~ ;;si~g 2"oi bbis"7 5Q' co2: 56-661~-g;( 23" ;;; c"6Li8. 5-661~-6%" h~;h7'- - - - - - - • ----

------- "Fr~~:J3I5 ~;6% "K.cC.'F;~~ ;;si~g 2ii6 bbis-75Q' co2: 60"661~-g;( 23-i'o-;s-co2.:.34-bbis- so/~ fi~sh.·,--------. ----
------- "Fr~~:J3I5 ~;6% "K.cC.F;~~ ~i;~g 27·3-bbis"7oQ' co2: i io"66l~·g;( 28" idn" c"62~.-.37~5 11i; 6% "t'iti;b'·~-----. ----
------- "Fr~~=fln ~;6% "K.cc."F;~~ ~i~g 29"6 hhis-75Q' co2: s7·i;( 35· ;;; c"62.-.:46 11i; so% ·ca2· fi~~h~'------- · ----

------- "Fr~~:J3I5 ~;6% "K.cC.'F~~~ ;;si~g 2iiihhis"7oQ' co2: 72"661;-g;( 22· i'o-;s-co2.-. ~;~r~~~~;(~tit" ~i657oi(i~--. ----
formation, 7136 in pipe ... recover 122 of 609" 

------- "Fr~~:J3I5 ~;8% "K.cC.'F~~~ ~~i~g 3-8-ihhis"7oQ' co2: i2i "661~-g;( 43" idn" c"62:.:S4 11i; 6% "t'iti;r?-------. ----
------- "Fr~~:J3I5 ~;6% "K.cC.'F~~~ ~~i~g 7iiQ -f;~~.- i64 "h"h"l~ -g-e"I: 59-t;~-coi.:."s7"6bis-6o/; h;;sh.7··--------------. ----

------- "Fr~~:J3I5 ~;6% "K.cC.'F;~~ ;;si~g -5-6 bbis"75Q' r~~~: "ti'ti;b' ~;so(i r~~;;;-~ :t~i'a"l-fitiici 53 "661~: i2"t~~-co2:-. ----
flush 60 bls 50Q foam" 

1,643 "Fr c-BD w/6% KCl. .. Frac u sing 150 bbls 75Q C02 foam, 47 bbls gel, 16 tons C02 ... Flush w/24.5 bbls No 
50% C02" 

------- "Fr~~:J3I5 ~;6% "K.cC.'F~~~ ;;si~g "i4ihhis"75Q' c62 "fo~~: 44 "h"b"l; "ie"r: i 7"t;~-coi.-. :3o "h"h"l~ "6%"ti.~~h'7 ---. ----

------- "Fr~~:J3I5 ~;6% "K.c( .-.F~~~ ;;si~g "i5"i 11is"75Q' c62 "t1.~~ U~~~i: 47"66is·g~( "('f idn" c62~-------------. ----
------- "Fr~~:J3I5 ~;6% "K.cC.'F;~~ ;;si~g 3ii3-bbis-75Q' c62 ·ro~~: 83 "h"b"l; "iei: 35 -t;~-coi·7-------------------. ----

------- "Fr~~:J3I5 ~;6% "K.cC.'F~~~ ;;si~g 24·5-bbis"7oQ' c62 "fo~~: 87:5-bbi; g~i, "is i~~ "co2·. ~."ti'ti';b' ~;54"66is"6~{. ---­
KCl" 

-·-- ·- · "Fr;~:fl~~~fd~~~- ;,i6% 'Kcr. ~F';;c- ~~i"n"i 620"661~-766-coi r~~~-"isi 11i; g~i," 69 1.~~~ coY ~."ti'ti;h' ~;57"· · · · · 
bbls 50% C02" 

5,051 25,303 P oduction in Wind River Formation. 8 perfor ated intervals from 1776-3138.' No information on stimulation No 
2 · _____ ·1,~~9 :·y_r ~:J?:~~~·-·).'?:r!l2 P!l~~-~ _·_ -~~~?.t?!l-~-~9_2,)_~~-?J?.a~:·. ____________________________________________ . y~~-

"Frac-Break formation ... Pump pad ... 17+ 1 C02, 105 bbls load" 
------- "Fr;;~:fl~~~f [;~-a1.idn".: ~Pti~P' j;~i"C iis 11ii i~id," 22+ i ·t;il.; ·e:a·i,---------------------------------- · ----
------- "Fr~~:J3~~~f r~;~~tidn".: :Pti~P' j;~ci~.:i63.6"661~ ·;1~;~ "fitiici, "ii+ 2 t~~~ 'Co2~·---------------------------. ----

19.31 35.0 X 2 ,37 ----- i9~3'i" 35:6 -.--- i45"" ----- x-··1 ~~~ 
_1_'!, ~"~ ~ :·y,;~ :~:<:.~~-~ <:S?.~ ~?~~ .t;IP! ___________ .1!:<:.~ ~?:~~il. P!l~r_ep]~~~·-12::<-!':.1!;~ P!l~- ~~ _b_b_l~._.~ ?7 _t?!l~ -~?.2~ :·.~".l!.·~-~~1,:;:· _____ . y~~ _ 32-10B 1 78 FU /22/ 002 10.62 

-·-- ·- · · i 442"F'f-3i3-3 2oo2· i2.4"i "Frac-fill hole 57 bbls, break. .. Frac using 62 tons C02 ... 275 bbls" ----- ------ ---- -.--- . -.-- -----26.54 34.0 3.79 X 1 2~7 ----- ------ ---- -.--- . -.-- -----26.89 28.0 10.14 X 1 2?~ ----- ------ ---- ----- ----- -----22.06 35.0 6.69 X 1 ,08 

::::::: "f.r~~~~~~~~ f?E~~!(~~-: ~~~a:C: ~~i~i: ~-~): ~~~s: ~~?.:! ?§ :~~1~ )?~~:·:::::::::::::::::::::::::::::::::::: :::: 
"Frac-Break ... Frac using ... 63 tons C02, 314 bbls load" 

------- "Fr~~=fl~~~f.-_:F-;~; ~~in"i.::so+2 "t;~·coi:3i8 11i~ k:~F------------------------------------------- · ----

-------·i476"F'C3ii12oo2-is."i3-
-·-- ·- · · is69"F'C 3ii1 2o02· i3.7"9 
------- i6i4-F'C3iic 2oo2-i7.2_5_ 
------- i663-F'C3iic 2oo2-is.9"6 ----- 25~5'i" 32~6 ----- 3.52"- ----- x-··1 )8 ------- "Fr;;~:J3~~~f.-_:F-;~~-p~~j;-p-a",:i.~~56+2 "t;;;.-e:o·i, ·234 k:~F------------------------------------------- · ----
-·-- ·- · · i 7i6"F'C 3iic 2oo2· i7.9_3_ ----- 24~i3- 3o:6 -.--- i4.65" ----- x-·7 i67 ------- "Fr~~: fl~~~f 1~;~-;,tidn".: :F' ;a·c-~~i~g- ~-: 2o4 "h"61; "6%" f~( ·23·; i i~~~ c627·- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - • ----

13-11B 1 02 FU /6/2C 02 19.65 35.0 X 1 ,78 0 7,087 "Fr c-Breakdown w/6% KCl...F rae using 70Q C02 foam, 125 bbls gel, 39 tons C02 ... 53 bbls 50% C02 No 
flush" 
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a 
5 4§~ al ~ :; 'tdfs; ~ ·;;: ;:!.c 
e ~g ='"' = .5! ; Q 

,Q i ,Q oo- ij -< 'Q t ] 
~ 

Q..<> 
Q= 8~ ;: ,...,_ 00 

1452H 3/23 2002 
i572"·f( "3ii3 2002------

14-3W 1 59FU 9/20~2 8.19 22.7 

~ e loll 

6l -e~ ~! f !~ 
~ ~ <>5 = 5 = a;: 

~ ~~ ... 
loll e "' f ~li' ~i ~ m~ .. :E .... .. . 

lXI-_, <~ -< 
20.68 35.0 

-----i6~55"35~6 

37.0 

------- · i4oS"F'i "4i9; oo2Ts3· 22 is··------- 36~6 

·---- ·- · ms-F'C4i9; oo2"i4.2o· · · --- ·22~75· 33:6 
·---- ·- i57s-F'C4i6; oo2-is."86-- · --- -26~26- 27~6 

-------·i6o8"F'C4is"; oo2"i7.Y3-- -----27~58"27:6 

12-2 683.~ WR 1 /29/ pol 15.51 
------- 85iWJi "ii;2 i2iioi·---- i(5i-i5~i7"25~6 

------- · 94ri" R: ii 29h"ooi-- · is~96"i4~s2·- ---

1066 Fl 11/ rmoOl 27.58 

23-lOC 5 9.8 WF 10/1 /2004 
------- · 557~2" R: io i3h"oo4-- · i36- -----------
-------·7oiW!i "i6;i i2oo4·----~3~io··---------
------- 73o~9" R: io i3h-oo4--- 8~57· -----------:::::::: ~n:r~ ~~t l~~~J~~::: ~~~~r:::::: ::: 
·- · ·- ·- · 927~5" R: io i3h"o04· · · 18~3r-~-·-- · -·­
------- 949~sv; R: io i3h-oo4--- 9j7· -----------

:::::::.!~??:~i :!~(4 ~99~:!~-7~ ::::::::::::::: 
_______ . !!~~-~~ .!~~4 ~99~.?-_5_8_ !~;s_~- ------- ~~;~ 

1411 f, 10/4 2004 15.17 35.0 
------- i544-F'Ciiii4 2oo4-i6.3"o -----22~66-35~6 

------- i594-F'Ciiii4 2oo4·s.73"i~~ss-··------35~6 
------- · i646"F'i ·ioi4 2oo4·s.73- 212~66- -------3r6 
·- · ·- ·- · i69o"F'i "iiii4 2oo4"ii."8·s· · --- "24~i3" 35~6 

= ~ '"";" 

"§l = ..c: 
~:E 00 -'""' 

~ !. f'-" 
6l 5 ~5 
!i a e = = ~::! 

"' "' ~ e .... "' 
~~ = e -~ 

8.27 
10.48 

~ 

= ·~:: 

~ :a .§ 
"' e .. '; ... 1 c.!),.., 
"' e.§ ~ ~ =- "' -"' .. 

"'Q.. -= -= f;:E £ ·c 
'"''"" -< 
-----~--1 ~~~ 

X 9 568 

"' ~ 
"' .. 
Q 

N 
'-' = "' Q..~ 
Q..-o 
e = 
~~ 

X 2 ,22 3 

-----4.48-- -----x-·2 :29o··----
-----7.58-- -----x---1 :85 ------

-----x-·7 i45 

-----x-·7 iii§ 
9.79 X 8 763 0 

----- 9.24" -----x-·7 385 
----- 9.97"- ----- x-· 8 432 

X 7 879 

10.98 X 1 ,98 2 
: : : : : (~. ~~: : ::: : ~: ) ~~~ 

X 6130 
----- 7.27"- ----- x-·7 644 
::::: ~-E: :::::~) ~~? 

9.65 X 1 ,43 
X 7 7416 

::::: ~-~~:: :::::~:~~~~ 
7.79 
7.43 

----- 7.45"--....... -.. -7.98 
7.58 

X 1 ,55 
----- x-·7 ~28 
-----x-·6 895 
-----x-·8 342 
----- 6 ••.• 6. ~-·---

X 6 581 
:::::~:?~~~ 

X 0 
----- 6.2i"- ----- x-· 9 295 

6.48 X 9 388 
7.14 X 7 711 

----- 5.8i"" -----x-··1 ~2i 

::::: ~-?L :::::~:) ~~! 
6.71 X 1 ,98 

34-3B 95 .3 WR /19/ 005 15.86 19. 4 7.24 
-------·io39"F'Ciiis 2oo4 _____ _ 
-------·io7o-F'l. "iii9 2oo4·-----

m~:~;:E~~ ~99~:::::: 1401 f, 11/, 2004 
----------- ·········-

:i' 
,Q 
,Q ,_. 

5 
1 -g 
~ 
a 

""' il "' :lS 
~-e~ ,Q <> 

'-' e a~ ~ .. 
~ 'Q~~:i il ~ 5 5 5 t' ~ 
; =ii§ u~ 

"' Q.. - Ul: .a -~ i S00 8-~ £ ~;:oa ~~ oou .. 
"Frac-Break formation ... l67 bbls, 34 tons C02"167 bbls of'), 34 tons C02 

------- "Fr~~:13;~~f r~;~~tro"~.~ ."35 i"~~ ·co2· &- i 75 "b"b"l~ "fitirci"3·s· io"~s-co2: i 75 "b"b"l; -,-titiici;,--------------------. ----
5,695 "Fr c-Break down w/6% KCI. .. Fr ac using 70Q C02. 650 bbls, 183 bbls gel, 70 tons C02 ... 86 bbls 50% Yes 

C02 flush" 
------- "B;e~i:"cio-~~ -~i6%" i<."cC.F;~~ ~~i~i 7o(;i c62"io·a~ "636 b'bii,- i74 11·1; g~i_-7i -t~~-coi.~.72"66is-6~{ fi~siF. ----
------- "B;e~i:" ci~;_,-~ ~;6% ":K.cr.-F"r~~-tis·i;;_g-76()" coi [;~;;; [fo"a"u;i,"338 "b"6i~_-39 -t~~-coi.-. ~76 'bbi; 6% "th;;6·~----. ----
------- "Bie~k-ci;~n" ~;6% ":K.ci.~."Fr~~-ti;i;;_g-766-coi 2o<ibbis~ "ii io"ti c62~ .-.~~iiin"ici ;;ii ~h2"41i# fti" r~in"I~ti~"iJ.~. ----

3342# in pipe" 
·- · ·- ·- "B;e~i:" ci;;,;~ ~;6% ":K.cr."F"r~~-ti;i;;_is-266 b'bE is~i." 2ii -t~~-co2·~- ·- · ·- ·- · ·- ·- · ·- ·- · ·- ·- · ·- ·- · ·- ·- · ·- · · ----

0 "BD w/6% KC1. .. 171 bbls 70Q C02 ... 54 bbls 6% KCL, 22 ton C02, 32 bbls SOQ foam" No 
------- "Fr~~-!3b" ~;6% K.cr.~;t~rt 7o(;i c62"fo~il'i "1iii>i>ii.~.4i~5 bbi; K"Ci fiti"sh.;,----------------------------. ----
-- · ·- ·- "Fr~~=!3i5 ~;6% "K.cC.si"~ti-766"co2 r~~~-- "174 i>hi;.~_si"66is"6~{K"ci, "ii ;-;~ co2~ F.-l;;_;h -,;us· i>hi; 5oCi · · ----

C02" 
"Break w/6% KCl...Start 70Q C02 foam, 164 bbls slurry pumped ... 17370# 12/20 sand screened out 
w/11278# in pipe, 6083# in formation. Total 51 bbls no flush pumped" 

----- s,~~~ :·!'_r ~=~::~~':.~}} ~-~~l_s_ ~9" ~-1'}_--- ~~~s- ~~~·:----------------------------------------------------- .1.:'.?.-"Frac-Pumped 136 bbls KCl, 220 bbls C02" 
------- "Fr;;~:p~;;;p-;ci ii"(6bis-K.cC -~3·8-bbis-co2·;-----------------------------------------------------. ----
------- "Fr~~:p~;;;p-;ci io5"6bis"K.cC W8-bbis-co2·;-----------------------------------------------------. ----
-- · ·- ·- "Fr~~=P~;;;p-;ci 25l;"6bis"K.cr:: 442-b"l; ·c;o·i,- ·- ·- · ·- ·- · ·- ·- · ·- ·- · ·- ·- · ·- ·- · ·- ·- · ·- ·- · ·- ·- · ·- ·- · ·- · · ----
------- "Fr~~:p~;;;p-;ci i 92-6bis-K.cC 26(i bbis-co2·;-----------------------------------------------------. ----

4,554 "Fl sh w/22 bbls. Scr een out w/2 bbls let on flush" Yes 
------- "Flii~h ·;,iis bbi; ~~t~;.;---------------------------------------------------------------------- · ----
------- "Fl~~h -~i34 bhii ~~t~;.;----------------------------------------------------------------------. ----
------- "Fl~~h ·;,i36 bbi;.;---------------------------------------------------------------------------. ----
·- · ·- ·- ,·s·t~rt-il~~h "i6 hhi; .. · ·- ·- · ·- ·- · ·- ·- · ·- ·- · ·- ·- · ·- ·- · ·- ·- · ·- ·- · ·- ·- · ·- ·- · ·- ·- · ·- ·- · ·- ·- · ·- ·- · ·- · · ---­
·- · ·- ·- "Flii~h ·;,i43.5 "66is-~~t;r~,- ·- ·- · ·- ·- · ·- ·- · ·- ·- · ·- ·- · ·- ·- · ·- ·- · ·- ·- · ·- ·- · ·- ·- · ·- ·- · ·- ·- · ·- ·- · ·- · · ----
'- '· _,- "Fl~~h-t~ ·t~p-p~;{~i46 bb·l~ -,;~t"e~~ · • · -·- · • · ·- ·- · ·- ·- · ·- ·- · ·- ·- · ·- ·- · ·- ·- · ·- ·- · ·- ·- · ·- ·- · ·- ·- · ·- · · ---­
------- "Flii~h -t~ -t~p-p~;{~i48 hb·l; -,;~t-e~~------------------------------------------------------------- · ----
------- ,·s·t~rt-fr~~ -~h~~-26 b'bi; fiti"sh.- ~~~Y;,------------------------------------------------------------ · ----
------- "Y3"l i>i>i a;~~ h-;{id"~~ci 3o·t~~-co2·~----------------------------------------------------------- · ----

"28 ton C02" ·- · ·- ·- ,-(66 i>i>i ;,~iia-~ fi~ici~: 24 '(;;;_ ·coi,-- · ·- ·- · ·- ·- · ·- ·- · ·- ·- · ·- ·- · ·- ·- · ·- ·- · ·- ·- · ·- ·- · ·- ·- · ·- ·- · ·- · · ---­
·- · ·- ·- ,-(8-i i>i>i aiin" h-;{ii"!"~n"ci 2s·t~ii-co2·~ · ·- ·- · ·- ·- · ·- ·- · ·- ·- · ·- ·- · ·- ·- · ·- ·- · ·- ·- · ·- ·- · ·- ·- · ·- ·- · ·- · · ---­
·- · ·- ·- "22's" hbi ;,~ie·a;; fi~ici·; ~~d-39 'i~~; 'Co2;,-·-··-·-··-·-··-·-··-·-··-·-··-·-··-·-··-·-··-·-··-·-··-·· ---­
·- · ·- ·- ,2-68- hhi ;,~i;a-~ fi~ici~ ~~ci-39 'i~~~ 'Co2;,-·'··-·-··-·-··-·-··-·-··-·-··-·-··-·-··-·-··-·-··-·-··-·· ----

_____ 9,~~! :·!': ~_~~~~~I~ ~!i~~~~t~(: _______________________________________________________________________ .1.:'.?. _ 
"Frac w/70Q C02 foam." 

·- · ·- ·- "F·r~~ -~i766"coi [~;;;; .. -· ·- ·- · ·- ·- · ·- ·- · ·- ·- · ·- ·- · ·- ·- · ·- ·- · ·- ·- · ·- ·- · ·- ·- · ·- ·- · ·- ·- · ·- ·- · ·- · · ----
------- "F·r~~ ·;, i66-coi [~~~~.- ----------------------------------------------------------------------. ----
------- "!':r~~ :~?9st ~~~:0~~·::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: :. :::: 
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1490H 11/9 2004 X 1 ,88 

24-2 468.~ WR 1 /27/ po4 7.07 1 .48 35.0 6.06 X 7 018 0 
· · · · · · · · 497~i" R: io 27i2oo4 · · · 4~83"i".34 ... 3ro · · · · · 4.65. · · --- · x.· 9 6o2 
------- 699~2" R: io 27i2"oo4--- ((48 -i4~48- 35~6 ----- 6.o7·- ----- x.· 9 696 

::::::: · ?1~1~1:6-~F: ~}1:0119 &1~21:o2:o~4~(:: 81:4.~.88:0)::1.~9~.3:1:: 33: ~s:_oo: ----- 6.55-- -----X.- 6 275 
Cl ILl// ..... 7.24"" """""X.""1 :85 

........ ·1·1·s·4·F;; ·1·o·; --~2h'/,·2·o·o·4-- .. · 2·.o·7--1 ... 2 .. 4 .. · 3--s-.o· .... • .... • .... • .. • .. • " p1 4.14 X 1 ,52 

........ ii72"F'Cioi7~;2o04 _____ 1o~34"2o~68·3ro ..... :3.65 .. ----·x.--1 :i4 
23-10B 6~8 WR 0/211 004 10.41 18.62 35.0 
........ 8i9~6V\ R:io 2ii2"oo4 ... 8~96"i".93--·3ro 

:::::::-~~~:~~ ~ i~ ~~;;:~~r:: ~}.~~(ii~~~: ~r~ 
::::::::r~~~~ ~J? ~%~::~::: ~{~~~:i~:~r~~:~ 
........ ii34Yi' "ioi p;2oo4 _____ 8~94"i".62--·3ro 
------- i39s-F'i ·ioil~;2oo4·--·-1o~34-is~s6-3s~o ............. !'i···· ........................ . 
........ !~??.~i .!~(1~!~99~ _____ 1_l~~?.I?~~~-~?;~ 
_______ !?~IX .!~(1 ~!~99~ _____ 1n!.~9~~~-~?;~ 

1669 H 10/1~/2004 10.38 21.37 35.0 
~~-_1-~~-5-~~·?.~ -~2!? ~~?~-~·?? .. .............. . 

523.3 _" R 12 6/2004 30.5 

6.93 X 6 485 6 
----·s.oo·i .9r--x.·6473 

7.35 1 .55 X 6 559 
"""""9.86"2 .49"""X."6628 
..... s.s3"i .6·s--·x.·9 isi 

10.29 19.68 X 9 174 
::::: ~-~?:~ -~?:::~:) ~n 

3.00 
"""""ii9"" 

4.92 
1.21 
9.09 

"""""gj(J"" 

X 1 ,08 
:::::~:) ;~~ 
- --- - ~- _1 2~~ 

X 1 ,98 

-----~-?~ .. 
X 8 165 
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------- 582~2\iR: i2 6ho-o4 i i~Q :.::: :~:::::: ::.: 

:::::::.~~~:}~ ~i~ t~~:~1~r1 --------------- ·--·-- ~:!.1 .. .•.... X. __ \ 21~ ·--·--·-

------··sor9"R:i26i2o"o4i2:7 .............. . 
------- 86s"Wli -i2;s 2oo4-is.37- ---------------
------- 96o~i'iR: i2 sho"o4 i 7~9 ---------------
........ io74"F'Ci2is 2oo4"i7.3"i .............. . 
········ii7o"F'i"i2is 2oo4"4.32 ................ . 
------- i4o6-F'Ci2is 2oo4-io.<i6 ---------------
········i453Yi'"iii ~!2oo4····· is~7i .......... . 
········msYI'.iii ~;2o04·····26~32 .......... . 
12-11B 4 8.5 WF 12/3 /2004 10.73 10.14 13. 

7.50 X 6 804 
..... 14.63. ----·x.-5 897 

8.46 - --- - ~- _1 2~! 
9.47 X 6123 

----- i2.o4· -----x.-6 so4 
..... 8.96"" 
..... 8".25"" 

6.78 ..... ioi .. 

----·x.--1 :96 
-----~--1 :87 
----- --- ---

X 1 ,32 
"""""X."6 877 

..... i2.69. ----·x.--1 :o4 
6.54 X 1 ,38 0 
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"Frac w/70Q C02 foam ... screened out w/7 bbls flush remaining ... pressure up to 5000# could not pump into 
perfs" 

... 
!i: 

~ 
u~ 

~l o· 
~~ 

· · · · · · · "Fr;;~: .-. i 85-hhi ~ie·a;; fi~id: 29 ·t;~; ·co2~ ·sc"r~~~~;i;tit-46 'b"6i"i~t~ fitis-h"- · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · 
· · · · · · · "Fr;;~: .·. i 85" hhi ~ie·a;; fi~id: .33 ·t;~·co2·~ · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · .. .. 
· · · · · · · "Fr;;~: .".267" hhi ~ie·a;; fi~id: 49 ·t;~; "co2~·· · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · .. .. 
. . . . . . . "Fr;;~: .·.32-hhi ~ie·a~-fi{iici, "49 i~~ c62;,· ............................................................ .. 

174 "Frac ... 86 bbl clean fluid, 26 tons C02, flush w/50 quality." No 
· · · · · · · "f;~;.:.i"18.hhi ~ie·a;; fi~id: 29 ·t;~; ·co2~·- · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · .... 
------- "Fr;;~: .-.29-t~;;s· co2: i28 'b'br;l~~;;_ "fitirJ··-------------------------------------------------------. ----
------- "Fr;;~: .-. i o8· bbi ~ie·a;; fi~id: is "t;~~ ·co2~.--------------------------------------------------------. ----
....... "Fr;;~: .·. i7o.bbis. a~;;~-ti.~ici::i i i~;;_~ c62;,· ......................................................... .. 
· · · · · · · "Fr;;~: .·.246" hhi ~ie·a;; fi~id: 34 ·t;~; "co2~.- · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · .. .. 
....... F'r~~~-:227 "6'6'!";1~~;;_ "fi{irci, "49 !;~; c62~ ............................................................ .. 

4,625 "9 bbl clean fluid, 22 ton C02" Yes 
· · · · · · · "Ys"oi:,i>i a~;r: h-;;i;-( 2o·t~~-s-co2 · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · .... 
------- ,9-6.5 "b'b'l; -c-1~~;;_ "rlJii'd-, "22 i;~; c"62.- f:iti;h" ~;5o(j·;------------------------------------------------. ----
· · · · · · · "Yii hhis" ~ie·a;; fi~id: i9"t;~; "co"i'·· · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · .. .. 
· · · · · · · ,·141 hhis" ~ie·a;; fi~id: 28 ·t;~; "co"i'·· · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · .. .. 
· · · · · · · ,"{49 hhis" ~ie·a;; fi~id: 28 ·t;~; ·ca·i'·· · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · 
· · · · · · · "2"24 hhis" ~ie·a;; fi~id: 34 ·t;~; "co"i'·· · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · .... 
· · · · · · · "23·s· hhis- ~ie·a~- fi~id: 54 ·t;~; ·co2~.- · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · 
· · · · · · · "2"48. hhis" ~ie·a;; fi~id: 43 ·t;~; "co2~.- · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · .... 
· • · • • · • ,2"61 hhis" ~ie·a;; fi~id: 43 ·t;~~ ·co2~.- · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · 
------- ,2·24 bbi ~i~;r: h-;{ici: 43 -t~~-coi·;-------------------------------------------------------------- · ----

• .••• 2,~ !~ ~·~] c-~~~!e_r, !=:_?~. ~s_s!~t:~? -~~1:' .................................................................... ! ~~. 
"Slickwater, C02 assist-83 bbl" 

· · ·. · · .- · :··s-l);k"~~t;r:.co2·.~;s)~t:_s9 );b'l;,- · · · · · · · · .- · ·. · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · 
------- ,·s-li;k;~t;r: c62" ~;si~t:s7 "b'b'f·----------------------------------------------------------------. ----
....... ,·s·l;;k;;t;r: c62" ~;si~t:sS"bbl;; ................................................................... .. 
. ...... ,·s·l;;k;;;-;r: c62" ~;si;t: i 4o "b'b'l;,- ................................................................. .. 
------- ,·s-li;k;;t;r: c62" ~;si~t:89 "b'b'l;'----------------------------------------------------------------. ----
------- ,-sii'"ck~~t"ei-: c"62 ·a·s;ist: i so 'b'bi""--------------------------------------------------------------. ----
. ...... ,·s-li;k";;i;r: c62" ~;sii-i WbbF .................................................................. .. 
. ...... "sE;k";~;;r: c62-~s-sii-i87.bbF .................................................................. .. 
------- ,·s-li;k;;;;r: c62" ~;si~t:26o "b'b'l;,---------------------------------------------------------------. ----
. ...... ,·s-li;k";;;;r: c62" ~;sit-io2.bbF .......... ·.· ...................................................... .. 
. ...... ,·s·l;;k;;t;r: c62" ~;sit-i 26" bbi"" .................................................................. .. 

731 No description of stimulation fluids in well completion report. From WOGCC (2014), "Wind River Sands Yes 
were selectively perforated between 1,406' and 2,674' and fracture treated with an estimated total of610 
barrels of C02 assisted gelled water.. .The shallowest perforations are 1,406'-1,473' and this interval was 
fracture treated with 110 barrels of C02 assisted gelled water" ------- s'"e~-~b;~~ ----------------------------------------------------------------------------------· ----
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~~-.1.<!.1?_5 X7.~_U!_l !?991 _____ 1_1~9?.IU~_?L~ l~.§.?_ ~-??.~ -7.? ... ~.§~~?2 
577.6 "R 11 18/2004 22.13 18.16 21.0 24.12 9.45 2 .47 X 6 817 

------- 638~3\I;R"ii isiioo4·-·1o~69-i2~6o-2i~4 i7.97- 8.83"2 .9·8·-·x-6543 
········732~1v;R"ii ish·oo4···((ss·iri9"23~4 is.os· io.34"i4.2o·x·7o68 
------- 768~4v; R" ii isiioo4--- --------------- ----- ----- ----- x·7 ~3i 
· · · · · · · · 83o~6 ~ R" i i i3h"oo4 · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · x · s o92 
........ i i o3"F'i . i iil~;2oo4· .... 1 Y65........... . .... 5".27". . .... x. 6 84 i 
........ ii63"F'i"iiil~;2oo4"""""14~75""""""""""" ..... 5".27"" ·····x.-9274 
········i42o"F'i"iiil~;2oo4···--8~62············ ::::: ~-~~:: :::::~:) ;~~ 

:::::::.u~~:~~:fg~~~~~~:::::~~~1~::::::::::: ----- {i~r -----i-{ "~~ 
· · · · · · · · i59S"F'C i iil~;2oo4· · · · · ((38 · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · 
------- i663-F'Ciiil~;2oo4·----14~i3 ___________ ----- }\~~- -----i-~2§§ 
24-11 44 .8 WR 2/16 ~005 8.09 2 .28 X 7 131 2 

"' io'\ 

"' .. 
0 

~ 
= .. 
~~ 
£~ 

········6oO~S~Ri2 i6iio-6s···- ·-------------- ····· 8.76-i .6t;··x-69i6 ·-----
------- 659~:i\I;R"i2 i6i2"oo5·--- --------------- ----- i6.79- ii.i4·x-9949 

:::::::-~~F}~ ~ t~ }~;~:~~~:::: ::::::::::::::: ::::: f.J.~~~ 2~~;;: f ~ ~~~ 
:::::::. !~~~:~i :!~~1 ~!~99~::::: ::::::::::::::: ::::: (~-??: ~~~?: ~:) ;!? 
------- i6~H~ -ii~~~~bg}---- 14-4s··------ --- ----- io3"i .s9·-- i-{ ~§§ 
· · · · · · · · i i36"F'C i2il~;2oos· · · · · · ~ · · · · · · · · · · · · · · · · · · · · · · · · · · · · x · 91757 

'Vi' 
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'-"' e .. 
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£ Ool 
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6 £ 

see above 
- - - - - - - s~~-~b~;~ ----------------------------------------------------------------------------------· ----
- - - - - - - s~~-~b~;~ ----------------------------------------------------------------------------------· ----
....... F'r~"n; W6acc· {i6 i4). ,;fr~~hir·e· t~~~t'e"ci ;;ii'h' ~~-;s"ti~~i'~ci i oo· b~~~i; ;rc62" ~;si;t~ci-g~li~ci ;-;~t~~·; ........... . 

_____ 22~9? J::r5 ~ _s!~~~!i!ti<?t.: :p!:_ ~~?? _lj_a_l_~~ ___ !e_r~ ?_5l.?.~~l799. ~<??.'Y.J.::g_ ~~_I~ _J_2_1_8_._:f:~ !~1_1_0_0_<!_ ~~~ P?!J::t_:J._e!_l_?~~!t.:~·. y_e~-
rrom stimulation rpt: 4206 gal water, 2989 gal 70Q C02 WF12, 44lb J218. 25 lb/1000 gal polymer loading. 

----- ------- F'r~"u; -sti~i:ti~ti~~ -;.j;i:-4329 "ii(~~te"r~ 2969- g~i 7oQ c62 \VF' ii," 46 -lb -J2-i8. "is i6i1o"o6 g~i p~iy;.·e~ -l~~ciitig.· ---­
....... F'r~"n; "s1.i~i:ti~ti~~ -;.j;i:" 459iiii(~~i'e"r~ 3027" g;i 7oQ c62 \VF' ii," 46 "!b "J2"i8. "is i6i1o"o6 g;i p~iy;.·e~ ·l;~ciitig.' .... 
------- .. ~ii~k:;-;~t~;iC<Yi ~;;i~r·· ----------------------------------------------------------------------· ----
· · · · · · · "Fr~~~ ~ii~k~a"t~;;c62" ~;si;t: iSS"bbl;~ · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · 
· · · · · · · "Fr~~~ ~ii~k~a"t~;;c62" ~;sit-i 62"hbis7.- • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 

· · · · · · · "Fr~~~s"!i;k'~;;-;rico2 ;;~i~t--ii4 hhi; .. · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · 
· · · · · · · "Fr;~~ ;ii~k~a"t~;;c62-~s-sii-2io.bbis7.- • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •••• 
------- "Fr~~~ ;ii~k~a"t~;;c62-~s-si;t: i 7 i -bbl; ~- ---------------------------------------------------------· ----
· · · · · · · "Fr;~~ ;ii~k~a"t~;;c62" ~;si;t: i 69-bbl~;.- · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · 
· · · · · · · "Fr;~~ ;ii~k~a"t~;;c62" ~;si;t:24 7 ·bbl;;.- · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · 
· · · · · · · "Fr~~~ ;ii~k~a"t~;;c62" ~;si;t:263 ·bbl;~ · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · 

1,476 "91 bbls linear gel" No 
· · · · · · · ""ioi hhis" ii~~;; is~F · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · 
------- .. -iii bbis" ii~~;; g~F------------------------------------------------------------------------- · ----
------- .. -iii bbis" ii~~;; g~F------------------------------------------------------------------------- · ----
· · · · · · · ""ii4 bbis" ii~~;; g~F · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · 
· · · · · · · "2"i4 bbis" ii~~;; g~F · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · 
------- .. -13_5_ bhis- ii~~;; g~F------------------------------------------------------------------------- · ----
------- "2·3·3- bbis" ii~~;; g~F------------------------------------------------------------------------- · ----
· · · · · · · ""13"7 bbis" ii~~;; g~F · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · 

•..•. !:'l"~g~ ."! r~~i :!i~~~i!t~:-J6.:? J?!l~ -~-?.2,_1_2:~ g?!~. --~<!~ { ~s_tt .............................................. Y~!'. 
"Frac: slickwater. .. 28.5 tons C02 ... 118 bbls KCl (est)" ::::::: "f.r~~: ~~i~~~~t~E-:-~~~1 :t~~~ :~?~: ):~~ ~~[~ K~~ ( ~s}~·~:::::::::::::::::::::::::::::::::::::::::::::: :::: 
"Frac: slickwater. .. 32.6 ton C02, 143 bbls KCl (est)" 

------- "Fr;~~ ;ii~k:~a"t~;.:.· 4o.·i t";tis-co2: i85"b'h'l; "K.cr(~;iy.---------------------------------------------. ----
------- "Fr~~~ ;ii~k:~a"t~;--_~4o.·i ;;ti; co2: i9o-h'h'l;·K.c!"(~;;);.--------------------------------------------- · ----

_____ 1~_5- ____ ".?_1_ ~~~s- ~lj~~':".a!~(. _____________________ ~ ___________________________________________________ . ~.?. _ 
"94 bbls slickwater" 

· · · · · · · ""i48" bbis" ~li~k:;;a"t~;-~ · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · 
· · · · · · · .. 3·7·7· bbis" ~li~k;,·at~;-~ · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · 
------- .. -ii4 bbis" ~li~k:;;at~;-~------------------------------------------------------------------------ · ----
------- ,;i5_5_ bbis- ~li~k:;,·at~;-~------------------------------------------------------------------------ · ----

_____ 4,~~? ~·_1_~ _ ~~~s- ~!~?:?~9. <:~~·~ _____________________________________________________________________ .I::!.?._ 
"185.6 bbls WF125 75/65Q C02" 

· · · · · · · ""i84.hhis"WF-i25"75i6·5·Q ·co2~·- · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · ···· 
· · · · · · · ")?:(~~!s:~m~~~9: ~~~-~::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: :::: 
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974.1 "R 1/ 1/200S 
········io4i"F'Ciii1 2oos .... .. 
....... io74"F'Ciii1 2oos .... .. 
21-14 61 WR 12 17/2 04 :::::::. ~~~:r~ ~~~ l~~~j~~::: ~~~~~ ::::::::::: 
:::::::: ?~?~~~ ~ !? ~~~~:~~~::: 1~~~? ::::::::::: 
....... ~???.~l- ~~~1~!???~ ..... 1].~!~ .......... . 
........ ~~?}.~ -~~(!~!???~ ..... 1?~?~ .......... . 
........ ~~!?.~~ -~~~1~!???~ ..... 8~~~- .......... . 
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······· i643Yt"i2il~;2o04····· 9~si ........... . 
13-10 67 WR 12 7/20 4 10.S6 
....... 76i:i" R"i2 7i2o"o4i2:6 

:::::::: ~~~~g ~ t~ t~~:t ~r~ 
::::::: !99~:~::(2! ~~~~~:~-~~: 

1100 Fl 12/ 2004 9.83 
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....... io79"F'Ciii4 2oos"ii9"i 
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....... 862"WJi "i;27 2665"""""" 
........ 933 "WJi "i;27 2665 ..... . 
. . . . . . . . 96 i "WJi "i;27 2665 ..... . 
........ io9S"F'Ciii7 2oos .... .. 
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"288 bbls WF12S/70Q C02" . ...... "32"s"f,i,is" Wf'i25i76(;i co:F ..................................................................... .. 
· · · · · · · ·'2'i8~s-b'b'J~ WF'i2shoCi ·co2;' · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · .. .. 

. . . . . 12 ~~? ~'.S} ~~~~!':r, ?'l. ~~ ... ~-:·~.<??.~s_:;!s.t~ ................................................................ ~.? •• 
"Slickwater, screen-out, 6S bbl... C02 assist" 

· · · · · · · ,·s-Ji~i;-~~i';r: 93" hbi.:.c62 ·;s;i;t;, · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · .... 
· · · · · · · ,·s-Ji;k'~~i';r: Yis" bbi.:.c62 "a"s"si;t;, · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · 
· · · · · · · ,·s-Ji;k'~;i';r: ;~;;;~:o;;( 72"b'b'Cco2 ~;~rst'; · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · 
· · · · · · · ,·s-Ji;k'~;;-;r: ·1 (ii bbi.:.c62 ·;s~i;t;, · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · 
· · · · · · · ,·s-Ji;k'~;;-;r: Y(i3. bhis-.. ~co2 ·a~~ist'; · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · .. .. 
· · · · · · · ,·s-Ji;k'~;;-;r: ·14·4 bbi.:.c62 "a"s"si;t;, · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · .. .. 
· · · · · · · ,·s-Ji;k'~;;-;r: "is's" bbi.:.c62 "a"s"si;t;, · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · .. .. 
. ...... ,"s"Ji;k'~;i';r: "1"is" bbi c62 ·;s;;;t;' ................................................................... . 
· · · · · · · ,,.s.Ji;k'~;t;r: "{<io f,i,i.:.c62 ·;s~i;t;, · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · .. .. 

7,329 "Sl ckwater/C02 assi st ... 20 tons C02" No ....... ,·s·J;;k'~;;-;rico2 ~;~rs'i."95 bbi;. ~ :i6 ;'(~; c62;, ...................................................... .. 
· · · · · · · ,·s·J;;k'~;i';rico2 ~;~i"t: i 66 11r.·.2o·t;~; ·coi·,. · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · .. .. 
....... ,"s"Ji;k'~;;-;rico2 ~~~i"st."i68 bbi;.~ :26 t;~~ c62;,· .................................................... .. 
....... ··~;"J[;k'~;i;ricoi ~;~rs'i."ii6 bbi;.~ :24.3 t;~; c62;, ..................................................... . 
· · · · · · · ,;sii"ck~~t"e;ico·i ;;;i~t-i ·14· hhis~ :.2·o i;~s·,; · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · .. .. 
· · · · · · · ,,.s.Ji;k'~;i';rico2 ~;~rs'i." i i9 'bbi; .·.: 26 "t;it~ ,; · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · .. .. 
· · · · · · · ,·s-Ji;k'~;i';rico2 ~;~rs'i."i3 i i>bi;.~ :24 "t;~;.; · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · 
· · · · · · · ,·s·J;;k'~;;-;rico2 ~;~rs'i."i64 'bbi;.~ :26 "t;~~,; · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · .. .. 
· · · · · · · ,·s·J;;k'~;i';rico2 ~;~rs'i." i36 i>bi; .·.: 3 2 "i;;i; ,; · · • · • · · • · • · · • · • · · • · • · · • · • · · • · • · · • · • · · • · • · · • · • · · • · • · · • · · .. .. 
· · · · · · · ,·s·J;;k'~;i';rico2 ~;~rs'i." i68 'bbi; .·.: 3 2 "i;;i; ,; · · • · • · · • · • · · • · • · · • · • · · • · • · · • · • · · • · • · · • · • · · • · • · · • · • · · • · · .. .. 
· · · · · · · ,·s·J;;k'~;i';rico2 ~;~rs'i." i48 'bbi; .·.: 24 "t;;i~ ,; · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · .. .. 
· · · · · · · ,·s·J;;k'~;i';rico2 ~;~rs'i."is i 'bbi;.·. :24 "i;;i;.; · · • · • · · • · • · · • · • · · • · • · · • · • · · • · • · · • · • · · • · • · · • · • · · • · • · · • · · .. .. 
....... ,"s"Ji;k';;;i;rico2 ~;~r~'i."ii7hhi;.~~32.2" to-;s-co2·; .................................................... . 

•.••• 1 :'12 7~? ."} o_q_ ~~!s. ~~e_a?. !l!-1 .. i~·: ......................................................................... ~.? •• 
"14 7 bbls clean fluid" 

····· ······· ,,-16·8-hhia;;n"h;;ia~·········································································· .... 

. .... 1'!.9 ..... "_1?_9. ~~!s. ~!??.7~9. <;~~·: ................................ · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · ~.? .. 
"19S.4 bbls WF12S 7SQ C02" . . . . . . . . ,;(8"0bbis"Wf'i25"75(;i co2·; ..................................................................... .. 

. ........ y<iibhis"Wf'i25"75(;i co2·; ..................................................................... .. 

. . . . . . . ·'23"ibhis"Wf'i25"75(;i co2·; ..................................................................... .. 

. ...... ·'27"8.bbis"Wf'i25"75(;i co2·; ..................................................................... .. 

. ...... "3(i6bbis"Wf'i25"75(;i co2·; ..................................................................... .. 

. ...... "33"8.bbis"Wf'i25"75(;i co2·; ..................................................................... .. 

2,882 "1 S bbls WF 12S 7SQ" Yes 
······· ·'2oo·hhis.wf:.ii575"Q·;······································································· .... 

....... "~~~: ~~fs: ~f: (~~ ?~~·:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: :::: 
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~!?:~~ ~ ~~ 1~,?,?_5_----­
------- ~?~ :~ y; ~ ~~ 1~,?,?_5_-----
-------. i55~~~ ~t/i {66!------
-·-- ·- • · io62"FC2ii; oos· ·- ·-- • 
-------·iosi-FC2ii; oos··-----
------- i377-FC2ii; oos·------
-·-- ·- • · i467"FC2ii; oos· ·- ·-- • 
22-11B 6 0.9 WF 2/7/ 005 
-------. 730~3~ R: 2Yh1i(i5------
-·-- ·- • · io5o-FC2ii; oos· ·- ·-- • 
-·-- ·- • · io99-FC2ii; oos· ·- ·-- • 
-------·ii2YFC2ii; oos··-----
------- ii62-FC2i4; oos··-----

~~-_1_<:_~ _5 _5_.~_Y!! _2!I~ ~??? _____ _ 
· · · · · · · · ~N~ ~ ~?s;~gg.~-· · · · · 
-·-- ·- · · 79oWii ·i;9i 665- ·- ·-- • 
· · · · · · · · s6E\\ R: 2isi2oci5- · · · · · 
------- io3 i w- ·i;9 2665------
------- io59w-·i/9 2665 _____ _ 

~~-_1_1_~ _4 ?:~ _ Y!! _2!I:; ~??? _____ _ -------· ~~~~r~ ~~7 ~h~?o5·----
· · · · · · · · 857~7\11 R: 2i 6hcio5· · · · · 
------- 88o Wli "i;i 6 2665------
------- 926~3\\ R:2i 6hcio5·----
-------·io74-FC2iiE 2oos···--· 
44-4 115 FU 3/8 2005 
· · · · · · · · i369-FC3i8-/ oos· • · • · · • 
· · · · · · · · i4ii"FC3i8-/ oos· • · • · · • 
-------·i665-FC3i8-/ oos··-----
12-12 59 .6 WR /312CP5 10.73 
-------·iiii-FC3i3"; oos·i.26 __ _ 
------- ii5i-FC3i3"; oos-ii.42--
33-2C 56 .5 WR /24/ 005 15.76 

::::::: · ~~~~~~ ~~f4 f?tl{J.E4 
· · · · · · · · 789 ~ i v; R: 2i 4hcio5· i r i 
-------. 8i2Wli "2;24 266S"i4.62" 
· · · · · · · · 835~2 v; R: 2i 4hcio5· i7:6 

--------------- -----~-~~~1 
--------------- -----~-6 864 
--------------- -----~-6 855 
--------------- --·-·pes i65 
--------------- --·-·pc-9~29 

--------------- ---··pc-9~35 

--------------- --·-·pz-·1 :07 
pc 6 804 0 

-----~-8 i65 ------

:::::~:~m 
-----~-6 595 
-----w-1 :39 

---- -~-? ~?~ 6_ --- --

-----~-~~~~ 
-----~-6 8.38 
---··pc-6 878 
---- -pc 6 ~88 ---- --
----··pz-6[769 ·-·---

6.09 1 .38 X 1 ,45 1,265 
·-- ·- b.69"i .93"- • x· 2 :42 ------
::::: 8:.w~ -~?:::~:) ;?~ :::::: 

10.90 16.74 X 1 ,32 

'00' 
;:cs 
.:::. 
'-' 

8 
~ = 
~ 
a 

""". =i "' ;:cs 
~-E:J .:::. ., 

'-' e a. il = .. ..... ., 
'Q~~i .... 

~ ~ 8 8 s t' 
1l ~;:::=~ 

~l .. ::.<'"'§ .g -~ ~ }oo \.!) ·~ o· e Q;:o'! ~~ ~ oou. 
"206 bb1s WF 125 75Q" 

::::::: "~~:8: ~~!s: ~U~~ 7~5t::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: :::: 
"WF 125 75Q" 

· • · · • · • "24"6 hhis- Wf: · iis 75'Q·; · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · 
-·-- ·-- "WF- i25"7o<Y'------------------------------------------------------------------------------. ----
· · · · · · · "32"9i;i;is- Wf:" iis 7o'Q·; · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · 
· · · · · · · "33<ii;i;is·Wf:-ii5 7o'Q·; · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · ----
-· · · · · · "422" hhis- Wf' · iis 7o'Q·; · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · 

817 "WF 125 70Q C02" No 
-·-- ·- • "WF- i2S"io6·coi·~- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- · · · · · 
-·-- ·- • "WF- i2S"io6·coi·~- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- · ----
------- "27"i bbis- Wf:-iis 7o'Q c62~·------------------------------------------------------------------. ----
------- ,2·8·5-bbis" Wf:" iis 7o'Q c62~'-----------------------------------------------------------------. ----
· · · · · · · "34o· hhis- Wf' · iis 7o'Q·; · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · 

'~~~ ~'?. -J:J:~s- ~~ _1_~~ ??~~t-------------------------------------------------------------------------.! ~~-"190.5 bb1s WF 125 75Q C02" 
· · · · · · · ,-16_3_ hhis- Wf' · iis 75'Q·; · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · 
------- "23"ihhis"Wf:"ii5 75'Q c62~'-----------------------------------------------------------------. ----
-·-- ·- · "2ci4.s"h'h'1~ -Wf' i25"7sci co2·;-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- · · · · · 
· · · · · · · "342-hhis- Wf: · iis 7o'Q c62~' · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · 
------- "27o~5 ·h'b'1; -Wf' i2s-760.-co2·~---------------------------------------------------------------- · ----

_____ 8, ?~? ~'_1_ 9_ J:J:~s-~ _1-~~·-??9. S:~~·: ____________________________________________________________________ . t::T?. _ 
"194 bb1s WF 125, 75Q C02" 

------- "229"i;i;is"Wf:"iis:750." co2·;-----------------------------------------------------------------. ----
------- "2o"4hhis"Wf:"iis:750." co2·;-----------------------------------------------------------------. ----
-· · · · · · "2o-is "h'b'I; ·Wf' i2s: 7-5-Q ·c.o2~.- · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · 

:.:::: .: ::::.:: ::~~~~~1~~~r;.J[,~4l6:~~~t: :: :~: :::::::::::::::::::::::::::::::::::::::::::::::::::::::::: :::: 
26,707 "160 bbls slickwater" Yes 
· · · · · · · "Yi8" bbis" ~~i~k~at~;.~ · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · 
· · · · · · · ,"ii5" bbis" ~~i~k~at~;.~ · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · 
· · · · · · · ,"io"i bbis" ~~i~k;,.·at~;.~ · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · 

7.55 2 .62 X 1 ,90 0 187 "96 bb1s slickwater" No 
::::: ~-!~:~ -~:(:: ~:) ;~~ :::::: · · · · · · · "Y09bbis" ~1i~k~at~;.~ · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · ···· 

6.23 1 .38 X 2 ,73 ----- ------- ,·is·3- bbis- ~1i~k~at~;.~------------------------------------------------------------------------ · ----

9.17 X 68440 ----- o_------ "}?_1_~ J:J:!s_ ??~ ~~-i~~:':,a_t~·~-------------------------------------------------------------------. t::i?.-8.98 X 6 133 "4790 bbls 75Q slickwater" 
·-- ·- -·-- · ---- · x·7 ~64 ------
--- ·- 8.69- • ---- • x· 6 542 ------

· · · · · · · "2"iii his"75Q' ~ii~k;;a"t~;.; · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · 
· · · · · · · ,3·8-46 i;i;i; 75Q' ~ii~k:;;a"t~i·~ · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · 

--- ·- 7.72" • -• ·- • x- ·1 :s2 -· ·- ·- · · · · · · · ,·5ci5"4 i;bi; 75Q' ;ii~k:;;a"t~i·~ · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · 
----- i.5s·· --·-·x-6 758 · · ·- · · · "4o"oi bbi; 75Q' ;ii~k:;;a"t~i·~ · · · ·- · · · ·- · · · ·- · · · ·- · · · ·- · · · ·- · · · ·- · · · ·- · · · ·- · · · ·- · · · ·- · · · ·- · · · ·- · · · · · · · 
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6 
a a 1 ,.9 
i ii a~ ! ·;:= 'S.c: 
~ .§g a"' .§ .• "" 
,Q ~- 'S]' ; 
< 'Q t l] 1 ~ "'"" <=>iS ~ """'- u~ 

1102 H 2/24 2005 14.75 
13-2B 42P.5 WR /19/ 005 
::::::: ~~~~4~ ~~~ ~~~~:o_s::::: 
........ ~§~~1 ~ ~ ~7 ~;~~-6s- .... 
· · · · · · · 67o "W!i ·3-/i 9 ioos · · · · · · 
· · · · · · · · 8oo~ i" R" 3i 9i2<io5· · · · · 
· · · · · · · · io63"F'i "3iis 2oos· · · · · · 
········iio7"F'i "3ii8 2oos······ 
········ii2s"F'i "3iis 2oos-····· 

~~-_4:_ ?~~-~ ~ ff. ~/_2_C~5- ?:~~ .... 
645.3_,~ R 3/ 6/2005 14.6 

:::::::. ~~?~~ ~ ~ ~~ ~~~~:o_s: !?~~ 
........ ~?~~~ ~ ~ ~~~~ ~1~51.0_5.! 9:~ 

1053 f' 3/lc 2005 16.64 
· · · · · · · · m6-F'C3ii6 2ooS"i5.4"9 
······· i4o2"F'C3iiE 2oos"i3.7"o 

14-3B 88 .3 WR /2/2( 05 20.64 
· · · · · · · · 94Di~ R" 4i i2oii5. i4~94 
······· ii46"F'C4ii; oos······· 

42-4B 52 .4 WR /29/ 005 9.63 
· · · · · · · 73o "WJi ·3-;29 ioos "i6. i i · 
· · · · · · · so2~5" R" 3i 9i2o.o5· 9 ~ i4 
· · · · · · · · 842~2" R" 3i 9i2o"o5· i o:o 

· · · · · · · · 864~7" R" 3i 9i2o"o5· i5:4 
· · · · · · · i i36"F'i · 3ii9 2oos· ii."i5. 
······· ii69"F'C3ii9 2oos"i6.3·3· 

1:11 

~ ·s ~ 
"' ·;::: 'ft' .gl "' ~ B~ 

~ ... 6 
j s § 

:= t• t = 
~'ft' ~1 f~ ..... .... 
!Xl,_, <oo < 

= ~ -~ '";' 
"' ·c~ = '5 ~ B.E .c: 

rLl '""' ti § a ;a ... ~ "' = ~ i s= = "' e Ji 
"' Q 

~~ "I 1 '-' 

~i ='-' t 
.:= 

= = t 'S ~ t'S = = =- = = "' ti = f "'~ ~ s i! e~ "' "' ~"' 
~~ .... ·c ... = 

-~ ""''-' ::: < ~~ 
7.93 X 1 ,39 
6.00 2 .98 X 6 720 0 
6.55 2 .75 X 9 807 

·····i.o1·2 .3o···x-672o ······ 
····· 7.89"2 .s3"··x-973ii 
·····5-.5s·i .ss···x-9625 ······ 
..... s".27"2 .36" .. x. "1 : 7o ..... . 
····· 9.io"i .7s···x·7 253 

·····pc6 536 ..... . 
· · · · · i. w i .s-I" · · x · 6 72o · · · · · · 

~ 

""' :E ~ 
,Q ,Q 
,Q '-' 
'-' ... 

"" = .... 
Q 

~ l "' "" ~ 
~ l a ~ 

"7158 bb1s 75Q s1ickwater" 
••••• 32~~~ :·_s_ ~~!s. ~~i~~::V.a!~~·~ ............................................................................. ~.? •• 

"70 bbls slickwater" 
· · · · · · · "tii bbis" ~li~k~-at~i,· · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · 
· · · · · · · "iii bbis" ~li~k:~"a'i~i," · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · 
· · · · · · · "7"6 bbis" ~li~k~-at~i,· · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · 
· · · · · · · "Yis" bbis" ~~i~k:;;at~i·~ · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · 
· · · · · · · "iis" bbis" ~li~k:~"a'i~i," · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · 
· · · · · · · "6ii bbis" ;li~k~~t~i," · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · 
· · · · · · · "'ii bbis" ;G~k:~"a'i~i," · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · 

. . . . . --~~ _1_ ._1~- •• ~. _1 ,~9 D .4:.4:. I ~z ~! ~'3. 73_ ~~!s.? 9_ :_<.:1}1.:~~~ _ij_e_l; ._.;~ ••••••••••• ~e_ry_?~~ p;~~s.u:~ -~~~ p~~·~ ........................................... ! ~~. 
7.21 1 .18 X 7 165 
5.99 1 .18 X 9 306 

····· io.39. io.is·x·9 525 ······ 
····· ·····io.is·x-77i9 ······ 
..... 5:.~~:~ .)~:::~) ~~! ..... . 

10.18 X 6 823 
-----~-7 !~! 3_1_? ... 

5.80 2 .58 X 8 258 
····· 7.34·2 .oY··x·2 :3i 
·····6.3o"i .4s···x-6985 

20.13 X 1 ,57 
·····9.so·2 .49·-·x-6439 

8.97 1 .18 X 6 748 5 
10.25 21.04 X 1 ,52 

····· ····· ·····w·1 :si ······ 
· ..... 4_.?1.~ -~----~-) ~~? 1?:.?~9: 

6.101 .23 X 7 380 
----- ----- ~~~~~~~?~!~ 
· · · · · i.o2· i .55 x 1 ,s5 
..... 9.22"2 .ss· .. x. 7 536 

7.35 1 .19 X 8 275 
· · · · · 4.o i"i .so··· x · ·1 :43 

••••• 8.-!?.~ ·!l.l ... ~._l ./i9 -~----
9.64 2 .53 X 6 804 

····· io.is· ii.ss·x·9 525 
·····x·4~67 

,617 "5t bbls slickwater" No 
· · · · · · · "6"i bbis" ;G~k~-at~i,· · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · 
....... "Y44 bbi ;ii~k:~;t~;.; ............................................................................. . 
· · · · · · · "6"6 bbis" ;G~k:~"a'i~i," · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · 
· · · · · · · ,"i6i bbis" ~~i~k;;at~i·~ · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · 
....... "Y44i f,f,i; ;G~k:~-at~i·~ ........................................................................... . 

..... 1:~9!~'_5_ ~~!s.~lj~~::V!l!~~" •.•..•.•..•.•..•.•..•.•..•.•..•.•..•.•..•.•..•.•..•.•..•.•..•.•..•.•..•.•..•.. !~~-
" 111 bbls slickwater" 

· · · · · · · ''{2"i5. bhis" ~li~k:~-at~i·' · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · 

:. _._ ... ":?!:~~!s. ~~i~~::v.a!~~-; }).!l..S~. ::vi~h- ?~ _1;_~1_ ~r~ !<,;~~-::v!~qr~ ~<??:·~ ...................................... ~.? •• 
"60 bbls slickwater. .. Flush with 33.5 bbl6% KCl" 

· · · · · · · .. 5·5· hhis. ;Ii~k:~~'i~i.: .·Fl~;i;~ith" 34 "b"h"i 6o/; K"c:C ~~ci 6o% ·ayi .. · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · 
· · · · · · · ·•s·o hhis. ~li~k:~-a'i~i.: ~F'iii'sh. ~ith" 4o "b"b"!; "6%" K.:cL" · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · 
· · · · · · · "6"i hhis" ;G~k:~"a'i~i.: ~Fl;;sh" ~ith 45"hbi 6o/; K"ciY · • · • · · • · • · · • · • · · • · • · · • · • · · • · • · · • · • · · • · • · · • · • · · • · · • • • • 
· · · · · · · ·'io5· f,f,is. ;li~k:;;a'i~i.:.f'i~;h ~i'ih. ·5·4 i>hi 6% "K.c.I" · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · 
· · · · · · · ·'No i,i>is. ~~i~k:~-a'i~i.:.Fi~;h ~i'ih. ·5·s i>hi; 6% "icF · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · 

8,857 "Fl sh with 17 bbl6% KCL and 7 bbl C02" No ....... "Fi~;h. -~ith. 36 11"(6%. K.cf" ...................................................................... . 
....... "Fl~;h.~Z!"~fth-46 b1"(6%. K.cf" .................................................................... . 
....... ·•s·c~~~;;:;tit"22.4"i:,i:,i i~t~-il.~;b.: i9~9 bhi ;hy. ~Hti1i "ti"ti;b".~ ~P~~P"e"ci si "b"6i ~f' ~ie"a"n" fi~ici"a"n"ci i6·t;~; ·;{ coi .... . 

+sand" 
· · · · · · · ,·{i6 bbi ~i~;r: fi-;{ici ·;r:J 21·t~~-co2:7 • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 
· · · · · · · ·'{s·o hi>i ~i~;r: fi-;{ici-~r:ci 39·t~~-coi·7 • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • · • • • • 

· · · · · · · ·'{65-bbi a~;~ fi-;{ici-~ri"ci 3o·t~~-coi·7 • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • · •••• 

.................... 5_.~?-~ ._1~--- ~-!' ~!! 1_~I,~~ ~·?~-~ l_s_~l!':.~':Y !':r~' ......................................................................................... !~~-
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?~?:'!. ~ ~ ~~ ~~~_?_o_s_? }_~ 
_______ ?~?:~ y; ~ ~~ ~~~_?_o_s_? :5_~ 
_______ . ?~!:~~ ~ ~~ ~~~_?_o_s_ !9:~ 

919.6_,R4/ 2/200517.5 
-------·io2YF'C4ii 2oos·9.Y9--
-------·io66"F'C4ii 2ooS"i4."i6 
------- iio2-F'C4ii 2oos-ii.<i9 
13-3W 4 6 WR416/2 05 17.07 
------- 7os~4\\ R'4i 6i2rio5-i7~6 

:::::: Jl~~~~ ~ ~~ ~;~~:~: B~~ 
_______ . ~?9:~~ ~ ~~ ~~~_?_o_s_! ?:~ 

963.5 _" R 4/ 6/2005 17.0 
------- i363-F'C4ii6 2oos-i7.<ii 

----- 6_.~~-~ .18 X 1 ,90 
----- 6_.~~-~ .)~~ ~ ~ :( § ~Q~ 

7.27 1 .18 X 7 511 
----- 8X3i ."1'8"- -x- 6 826 
·-- ·- 6.32"i ."1'8-- · x· 9 74o -----­
----- 6.59-i ."1'8·-·x-6 s9i 

6.141 .80 X 7018 
7.58 2 .69 X 6 483 3 
7.58 2 .81 X 6 582 

----- i.ss·2 .36·-·x-6 io4 ------
----- i.58"i .23"""x""1 :i3 
-· ·- · i.ss· i .~~::: ~: ~ ~!7 
..... i.ss"i .87 X 7 071 

7.58 1 .35 X 6 720 
7.142.30 X 52850 
8.09 2 .94 X 1 ,86 

----- 9.34·2 .36·-·x-6393 ------
----- o.oo·i .64·-·x-·1 :49 ------

34-28 60 WR 5/ 0/20 5 13.61 13.56 18.~ 1 8.62 X 8 165 0 
------- si6~:i\\ R' si oh<io5Ts914~os -------- 22~i:i---- s.o9·- ----- x· 8 i65 
-·-- ·- · · 927~2\\ R' si 6;2(io5· i5~5 ---- "i9~7s· i7~9 32.96- i3.93" ---- · x· 8 i65 
------- 9si~6\\R'si oh<io5-i9~4 -----i3~2i"2i~i 24."1"( ii.7(i -----x-8 sii 
------··ms-F'C4iis 2oos"i9.ri3- --·-·wo3--2r 7···· 5.85-- ----- xo ---
-·-- ·- · · i367"F'C4ii4 2oos"i4.2"6 --------------- ·-- ·- i.s9"i .sY· · x· ·1 :i9 

"77 bbls slickwater" ------- ,-5·5- hhis- ~li~k~-at~; .. -------------------------------------------------------------------------- · ----
------- ,-5·8- hhis- ~li~k~-at~; .. -------------------------------------------------------------------------- · ----
-·-- ·- · "6·3- bbis" ~Ji~k~-at~;,·- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- · · · · · 
-·-- ·- · ,·s-9 hbis" ~li~k~-at~; .. -- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- · · · · · 
-·-- ·- · ,-::74 bbis" ~Ji~k~-at~;,·- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- · · · · · 
------- ,·s·i hbis- ~li~k~-at~; .. -------------------------------------------------------------------------- · ----

1,340 "6( bbls slickwater" Yes 
------- "74 bbis- ~Ji~k~-at~;,·------------------------------------------------------------------------- · ----
-·-- ·- · "6"6 bbis" ~Ji~k~-at~;,·- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- · · · · · 
-·-- ·- · ,9·3· bbis" ~Ji~k~-at~;,·- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- · · · · · 
-·-- ·- · "lis" bbis" ~~i~k~-at~; .. -- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- · · · · · 
-·-- ·- · ""ioo hhis- ~~i~k:;;a"t~;.~ ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- · · · · · 
------- ,-i3"4 bbis- ~~i~k;;at~;.~------------------------------------------------------------------------ · ----

_____ 2,?) _____ "_:1_8_ ~~~s- ~~i~~;:v_a!~(- _________________________________________________________________________ .! ~~ _ 
"82 bbls slickwater" 

-·-- ·- · ,·5·3- bbis" ~Ji~k~-at~;,·- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- · · · · · 
------- r~[;;~~tro"n" ;;;. "sti~~i~ti~~ -~is"si~g ·r;;;;.; ~;in"pl~ti~'"n" ;;p~rt.- I:;~;;.; wo6c"c (2o i 4) ~·c62" ~s-si;t;,----------. ----

0 "97 bbls 6% kcl 24.4 tons co2" No 
------- "io9:hhis-6o/;k:a24~4i~ti.~~~:z;.---------------------------------------------------------------· ----
-·-- ·- · ""ii5" hbis" 6% k~i 2"4.4 -t~~~ "c"di,-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- · · · · · 
------- ,"iii.2 "b'bl~ -t;t~i ~~i--ii i'~ti.; t~~;.~-------------------------------------------------------------. ----
-·-- ·- · "A~rcii~~ -;ii56 is~i K'Ci: 7.5% ·;c-id;, ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- · · · · · 
-·-- ·- · "T~t~i fiti'i~ipJiti.{pe-ci ;;a·s· i45."6bbi,"t;i~i ~~~;.;:y ;;~; i 72"hb( i~iai ·co"i ;;a·s-33 i;;;.~.".L"e'fi' +no,ooo· p~;;.;;.a~- · · · · · 

lbs sand in casing" 
-------·i392"F'C4is·; oo5"is.Y7-- · ··· ------· · ·· · · · · · · 4.i4. · · ··· · X 0 --- · · · · · · · "'A~id.ii~ ~ii3.bbis·k~i:7.5% ·a-cid~.~Fi~;h ~ii~(bbis·k~l~'- · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · ----
------- is62-F'C3iiE 2oos-i7.9_3_ 
32-3 575. WR 51 512CP5 17.06 
-·-- ·- · · 7or:i \\ R' si sh<io5· ir:i 

: ~: ~ ~: ~ ~~~~~~ ~ ~; ~;~~~~: ~H 
-·-- ·- · · i427"F'Csii5 2oos"io.o4 
-------·i492Y( ·sii5 2oos"i2."5"i 
43-9 154 FU 5/2 /200 9.63 24.13 
-------·i6iS"F'Csii 2oos"i4:s·o 
-------·i649"F'Csii7 2oos"i4.3"9 
------- i697-F'Csii7 2oos-io.2·6 

--------------- ----- i6.o3· i6.5i- x· -1 :ss ------- "WF i25-sJi~k:;..-a"t~;.~~f'J;{s1-~iih' 7s-b'bi6o/; K'd-~~d ·5o·%-co2·~----------------------------------- · ----
18.62 20.t 8 8.40 X 6 133 91 50,2 0 "85- bld 6% cl20.4 ton s co2" No 

~ ~~~ ~?9~~f ~ ??~c~ ~ ~ ~ ~ ~·I~~~ ~ ~~~ ~ ~~) :Q~ ------ ·-- ·- -·-- ·- · ,"{25"-bi,i; 6% "k'ci"32.6"t~~;s-~~2·;- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- · ···· 
20.68 23. 4 9.47 X 7 021 ------- ,-{04-bi',i;6%"k'c"(i6Xt~'il.-s"Z~2·;·--------------------------------------------------------------· ----

22.75 25. 1 6.62 X 2 ,41 
5.41 X 80662 

26.20 X 7157 
24.13 27. 2 6.32 ----- ~- _1 2~1 

-----:z4~i3--29~s9·--- 8.55-- x 1 ,55 
7.65 
9.48 
8.93 

----- i6.34" 
6.41 

X 1 ,21 0 
---··x·7~54 ------
---- -x ·7 ~68 
~~~~~~~) :~~ 
-----~--1 2~? 

------- ,-iii-bbi~ 6% "k'c"!"28.5 -t~'il.·s-Z~2,;--------------------------------------------------------------- · ----
-·-- ·- · ,-13·3--bbi~ 6% "k'ci"ioXt~'il.~-Z~2·;- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- · · · · · 
-·-- ·- · "24"5" bbis" 6% k~i (ii. i-t~~~ "c"di,-- ·- ·-- ·- ·-- ·.- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- · · · · · 

• __ • _ 2_?2~~~ .".16_1_-~~!~ ?.:2 -~c_l_~~·? __ }?!1~ .':.~~·~ _. _. __ • _. __ • _. __ • _. __ • _. __ • _. __ • _. __ • _. __ • _. __ • _. __ • _. __ • _. __ • _. ~? •• 
_. __ . _. "_1_4_3_ ~~!s. ?~ ]<_cl f_o_.~ _t?!l~ _c_o_2:'. _. _. __ . _. __ _._. __ . _. __ . _. __ . _. __ . _. __ . _. __ . _. __ . _. __ . _. __ . _. __ . _ ..... 

"200-bls 6% kcl40.7 tns co2" ------- ,·{s"<i-bi,i; 6% "k'chi.6"t~'il.-s-Z~2·;--------------------------------------------------------------- · ----

19,153 "100bbls fluid" No ------- ,·1o·s· hhis- fi~id·;----------------------------------------------------------------------------- · ----
------- ,-{8_5_ hhis- fi~id•;----------------------------------------------------------------------------- · ----
-·-- ·- · "Y3-ibbis" fl~ici" ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- · ···· 
-·-- ·- · "2o"6 hhis- fi~id·; ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- · · · · · 

54 

2016-009474-00331 



1402 H 6/1 2005 20.97 
i49o-F'i-iH 2oos-i7 .. ii 

:::::::.m~:~r~;~:7 ~~~~:~1:~:} 

lOll 

~ t = .r. r lOll 

~ ·E'"" ~] "' = 5 
·;: io'l 

"' Blf .t: ~ 6 "' t i:!itl.. oo~ .. 
~ ;g Q tl.. .,6 ~6 ~a e i = !3 6 s Q::; e ...... 

~ 
Ji 

~ "' 6 ~'-' ~I "" 
'-' 

~~ <>· ~;: t ~ = 1:!1 lOll .. e " .. f .. .. 
~ .. 

~,-, ~-= tl..'$ = = =- i:l..,-, o=lf lOllS fll io'l e .. "' ti .. -= i:l..-Q 
~ ~ .. i:l.. -= t::; ....... .. . ~~ ..5~ .:6 £ ·c £~ ='-' <~ < < 

--------------- ----- 8_.~~-- -----~--1 ~~~ ------8.17 X 1 ,55 
--------------- ::::: ~-~L :::::~:) ~~~ :::::: 
------------28:~8 15.72 16.51 X 7 378 

i 
,Q 
'-' 

6 
;::::: 
"" = -= e 
tl.. 

a 

"""'. -"' "; z ::::t:s e " .. e a.~ ~ 
" -s.E~i ~ ~ 666t' -= +=ii§ u:) " ~ 8-> ·§l}oo -= e ~;::::Q]! l:t:~ tl.. ooUo= 

"183 bbls 70Q x-linked fluid" 
·- ·-- ·- ,-ii5-hhis- ;[ 7oQ ~--ii~~-;i fi~icF-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- · · ----
·- ·-- ·- "22"6i;i;is- ;[?o"Q ~--ii~~ci- fi~id·;-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- · · ---­
-- ·-- ·- .. y,iJ- hhis- ;[ 7o"Q "x"-ii~~ci- fi~id·;-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- · · ----

~~-_3_<:; _5_6 ~6-··6I2_Vf_3·~,- _R/~6~2/_ /q2~0-01_5~:?12?_.5·o· ---- ------- --- - ----- 7_. 7?. - ---- -~- .? ~q~ 5_'!_5_? I z ~~ ~'.?- ~~l_s_ ~~~ ·: ~ -----------<:.JE-~!1-! ~9~~~~~ _o_~? ~~1?-f.Jf.J?. ~12\?~~<:_~t!J:: ?_:r_e_ ~o- :>:.e_l~ !1!*-!!.1~. 'Y~!<:_r~- ---------------------. ~ .?. -
" 7.47 X 1,67 "116bblsfluid" ------- 706~2~ R 6i ;20(is· i6~97 --------------- ----- s·.i6-i .49--- x· 8 864 ------ ------- ~~-(Ofbbis- flii1dii-----------------------------------------------------------------------------. ----

········si9~9\\R6i liofjs-i7~i3 ·-------------- ----- 9.i9-i .26·--x-7072 ·----- ·------ ~~·~,-s-bbis·fl~i,}~----··········································································· ···· 
·- ·-- ·- 884~2\\ R" 6i hoo·5- s~si- --------------- -·--- 9.is·i .ss··- x.· -1 j3 ·- ·-- ·- ,-(iii;i>is- fi~ici~- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- · · ----
........ i087-Fi .6i3.! 00~(i6:s·s·- . ----------.--. -.. -. 7.52-i .97--- x· -1 :oi . ----- . -.. -.- "2.i3-bbis. fl~id~-.- .. -.- .. -.- .. -.- .. -.- .. -.- .. -.- .. -.- .. -.- .. -.- .. -.- .. -.- .. -.- .. -.- .. -.- .. -.. ----

32-2 794.~ WR3 812CP611.02 ------------~9: ~---- 'Z·9I.l .!_J!_J ___ ~ __ 1 2 ~~0-~---- ----- 42~?q:'_l_ 1-~~~s-~~~~!--~~9.~s:!~': _____________________________________________________________________ ~.? .. 

::::::: t~~~~~ ~Jl4 ~~g~11_~:j ------------ ~b: i---- iiiJ ~!'26· i- -~ ~no------ ------- ::~;:~t~~-1~ ~r~!jft~-~~~J::KcCF'ia·c-~i226-bbl~-6%-kcl~ (;5-Q ·ca2·,------------------------------ · ----
-- ·-- ·- · i498"F'i"3ii 2oo(:io."5-4 :::::::::::: W ~:::: (~-9~: (~?~: ~:) ~~~ :::::: ·- ·-- ·- "Bie~k"cio-~it-~i96 i>bi; 6% "K.c"L:i is~iii(ioo ;tiifa~i";~t~ ~.Fr~~-~iiii bb"1; 6%-Kc( 6sQ'~ ·- ·-- ·- ·-- ·- ·-- · · ----
-- ·-- ·- · mo-F'i":3ii5 2oo6"i7.<i3- 7.25 1 .7o x ·- ·-- ·- ·iiie-ak"&;~it-~ii4 bbi; 6%"K.c1;,·- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- · · ----

~~-_1-~??.:~~ ~~~~- P._<!_~?:~~--- ------------!~:Sf!. .... 8_.99.~ ._?_? ___ ~ _ _?q~~8______ 5,520"H3bbl6%KCLand28tonC02" 897 9 VI R 3/ 9/2006 10 1 17 1 8 M 1 23 X 1 98 ------- ,"(96 bbi 6il K.cCa;{ci 29 -t~~-coi·~-------------------------------------------------------------. ----
·- ·-- ·- iio~-F'i-3ii9 2oo6·s."li7:- ------------ i6~~s ·--- {64- i :'!7::: ~:) ~~! :::::: ·- ·-- ·- ,2-i6i;i>i 6% ·K.cr:;~d 3o-io-n" e:·o2·~- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- · · ----
------- i443-F'i-3ii; oo6· i7.04-- --------------- ----- 9.4'( i .74 x 1 ,74 ------- "T~t~i ~i~;~ fiti"i~( is9 bbi." ;-;t~i ;iti~y-ii7 bbi." t";t~i c62-42 i"~~·~------------------------------------ · ----
------- is43-F'i-3ii; oo6-i7.46-- --------------- ----- 9.95-i .74--- x.· -1 ~98 ------ ------- "T~t~i ~i~;~ fiti"i~(is6bbi: ;-;t~i ;iti~y-iii bbi." i;t~i co2-i7 i"~~·;------------------------------------ · ----
------- · i576-F'i "3ii; oo6-is.26-- --------------- ::::: ~-~~:~ )L: ~:) ~!~ :::::: ------- "T~t~i ~i~;~ fiti"i~(i76bbi." ;-;t~i ;iti~y-ioi bbi." t";t~i co2"i4 i"~~·;------------------------------------ · ----
------- i6o4-F'C3ii; oo6-i9.4"i- --------------- 20.48 23.07 x 1 ,5o ------- "T~t~i ~i~;~ fiti"i~( iss.7-bbi,"t;i"~i;l~;;:y 2·13:6b"6i: ;-;t~i c62-2s !;it~---------------------------------·----
.- .. -.-. i626-Fi -3ii; OOtiiO.Cil- . ----------.--. -.. -. ii.84- is·.io· x· -1 :45 . -.. -.- ~~T~t~i ~i~;ti fiti'i~(i89.(ibhi:t~t~i;l~;;y 2.14-bhi:t~t;(COi 27.£o~·.·f~t~i i;;e·c·t~~(3-5ibhi'~- .. -.- .. -.- .. -.. ----
14-21 
~~-.'!. ?19;~~~ _1_2_o_c~ ________ _ 

671.8 -'~ R 4/ /2007 
::::::: ?~~:4~ ~~~ ~~~~:7::~::~ 
-------. i5i~-~ ~ t!J i6677

"-----
-------·ii3o"F'C4i3"; oo7·------
------- i476-F'Cii5-/ oo7-is.2o·· 
------- · mrf'c ii4; oo7· i2.o7·-
-------·i632"F'Cii4; oo7"i6."82--

--------------- ----- ----- ---- -~- ~ ~1~ 2_ -----
.----------.--. ~ .. -. :- ~. -.. ~-- -~.- 2.~96 . ----­
--------------- ----- ----- ---- -~c 2 ~74 
--------------- ----- ----- ---- -~- 2 ~35 

::::::::::::::: ::::: ::::: :::::~) ~~~ 
12.82 18.55 X 1 ,65 

----- 2r12- 4o~o i4.oc; ii.2s· i6.74- x.- 2 ~ i2 
-----w3'i"3o"is.99 ___ i4.s4· i8-.7s·x.--1 ~io ------

No 
_____ ~z~~q ~·§~ ~~~s-~ _1_1_~-~ :l!J!~~~':.l!; !l~~i_:;!': ________________________________________________________________ . ~.?. _ 

"85 bbls WF 118 ... nitrogen assist" 
·- ·:- -.- ":1o-ii;~is-wF.-ilT:~i!i;g~~ ~;~rsi·; -.-- -. ·-:- -.-- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- · · ----
-- ·-- ·- ''12·2 i;i>is- \VF · i i 8 .-. :~rti~g~ti ~;~rst';- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- · · ---­
·- ·-- ·- ''1o·8-hhhis"wf'"iis.".:~rt;~g~~ ~;;rst'; ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- · · ---­
-- ·-- ·- "Y1o-i;i>is"WF-"ii8.-.:~rti~g~ti ~;;rst';- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- · · ----
-- ·-- ·- ,4-9ii;i>is-De-li"; i4o· is#;.iicl;" is~F ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- · · ----
-- ·-- ·- "(i43"bbis" i5i{6~it~-~-iicl;" g~i.".:titi"sh ;,i76"bb(;l~ik ~~~- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- · · ----
.- ·-- ·- "4"4oi;i>is-De-li"; i4o"i5#;.-.ii~k" g~f :."F'l~;h-~i83 bbi"sirc'k ;,"t;.;-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- · · ----

6,668 "1~ bbls WF118 70Q N2" No 
------- ''14-6bbis"WF-i i8"76QN2';---------------- -_--------------------------------------------------- · ----
.- ·-- ·- "Y5o-i;i>is"WF-i i8"76(l"N2·;-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- · · ----
-- ·-- ·- ·'{6o"i;i>is-WF-i i8"76QN2 ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- · · ----
-- ·-- ·- "2o"6i;i>is"WF-i i8"76(l"N2·;-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- · · ----
-- ·-- ·- ''16-ihhis"wti i8"76(l"N-2~'- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- · · ----
------- ''12"i bbis-wti i8"76(l"N2·;--------------------------------------------------------------------. ----
·- ·-- ·- ''12·8-hhis"\VF"iis 7o"N2·; ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- · · ----

------- ")~?:~~!s:~~~ w~~9~~·::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: :. :::: 
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§ 
~ 1 5 5 .. £ :; ii ~ ~ " ·;;: 'a.::: e ..§! ="' 5 = 

Q"O A ,.Q .... 
i ,.Q oo- il .... ~ < ~ ~l 

~ " "" =.. .. 
"'iS ;:: f::E ,_._ u(l 00 ;:l:l'-' 

1489H -~~-i~ 2007 30.34 ------- i552(pf 2oo7- i2.o-i -----
3/2 ------- i6os-F'f -3iic ---------- -----

2007 17.79 

41-26--- ----- ------

257 
258 BWR- Basal Wind River Formation 
259 WR- Wind River Formation 
260 FU -Fort Union Formation 
261 L- Lance Formation 
262 MT- Meeteetse Formation 
263 F- Frontier Formation 
264 C- Cody Formation 
265 MV- Mesaverde Formation 

~ ~ I:)J) 

·E'"' '§ "§• 
a~ "0! 

~ 
~~ 

.. 6 e6 "" = ~ 5 ~ .s .. . 
E~ "'""' I:)J) e = "' ~~ ~ ~= 
>< s ,.. .• ,.. . 
~~ <20 < 

------ ---- -----
------ ---- -----
11.03 30.0 

------ ---- ------

..5 ~ 
1i;' 

~~ i z . 
"' ~ "S 1S ·~:: >< ,.Q .. 

'-' !£ .:::: ~ 5 "' e "" s a.~ 00 ~ .s: ~ 5 
.. 

<s.S~i f!l a "0 e i ~ ~ e ~ ~6 ... j 
;:: 5 5 5 t' IJ.§ '-' ~ ; e e .::= 1S "0 ·- .......... '"C. B1 = -g 

~ 
~';l)e 20 = 1S = 3-;; = g;~ t -~ ~ 1-oo g -~ = "' .. =.. "" "0 i E "0 Q"O 

f::E £ ·c ti a £ ~;::o] ~~ -~ ""''-' < ooU= 
10.16 16.74 X 1 ~~~ "485 bbls YF 116ST" ------ ----- ------- ,-s-63- bbis- W i -16s-f·;-.-.--.-.--.-.--.-.--.-.--.-.--.-.--.-.--.-.--.-.--.-.--.-.--.-.--.-.-- .. ----
5.31 1 .35 X 2 ~~? ----- ------ ----- ------- "ii3-i bbis- V:F i -16s-f·;-.-.--.-.--.-.--.-.--.-.--.-.--.-.--.-.--.-.--.-.--.-.--.-.--.-.--.-.-- .. ----
5.97 1 .57 X 

-- ------ P&A after completion in 2007. No apparent production well casing. No stimulation or production. --
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266 Table Sl C3. 
Compound 

acetic acid 

Summary of compounds used for well stimulation. Inf.ormation from Material Safety and Data Sheets provided to EPA from Encana35 

Cas No. Product Manufacturer Percent Specified Product Use 
Composition 

64-19-7 FE-lA Acidizing Composition H 1 liburton 30-60 additive ..................... '"BA-'"iOB~rf~ri;g·Ag~~t .............. '"Ha .. liib~rt;~ .................................... .. "io-3<i ·- ·---- "6Jif'f~;------------------------------------------- · 
acetic anhydride 
acetone 
alcohol (proprietary) 
alcohol ( oxylated) 
alcohols, C6-l 0, ethoxylated, 
sulfate, ammonium salts 
alkylated quaternary chloride 
alkylamine salts 
alkyl hexanol 
ammonium acetate 
ammonium bisulfite 
ammonium chloride 
anionic surfactants 
aromatic solvent 
2-bromo-2-nitro-1,3-propanediol 

_ }:?~!~~¥~~h_a_n_o] ______________ _ 

cationic polymer 
copper iodide 
diammonium peroxidisulphate 
2,2-dibromo-3-
nitrilopropionamide 

108-24-7 FE-lA Acidizing Composition H lliburton 60-100% additive 
67-64-1 MC-B-8630 Multi-Chem Group 15-40 biocide 
not provided V 'FT 9527 Weatherford 1-5 flow enhancer 
not provided l'v usol A Solvent Halliburton 10-30 solvent 
68037-05-8 M FA-4013 Multi-Chem Group <8 foaming agent/scale & corrosion inhibitor combination 

not provided C ayfix- II Material Halliburton not provided cl y stabilize 
not provided E 61 06A Biocide Nalco/Exxon Energy Chemicals 4( -70 biocide 
not provided fl YFLO IV Halliburton 5-l 0 surfactant 
631-61-8 BA-20BufferingAgent Halliburton 60-100 buffer 
10192-30-0 EC 1385A Nalco/Exxon Energy Chemicals 1( -30 corrosion inhibitor 
12125-02-9 CI -12 Halliburton 1-27 crosslinker 
not provided l'v C F A-4013 Multi-Chem Group <20 foaming agent/scale & corrosion inhibitor combination 
64741-68-0 M DF-7120 Multi-Chem Group <75 defoamer/emulsion breaker 

2-51-7 BE-6 Microbiocide Halliburton 60-100 biocide 

not provided L 5 Schlumberger 10-30 clay stabilizer 
7681-65-4 HAI-85M Acid Inhibitor Halliburton 1-5 corrosion inhibitor 
7727-54-0 J218 Schlumberger 60-100 breaker 
10222-01-2 BI -3S Bactericide Halliburton 60-100 biocide 

·::·-------------------------------------------· --;;------------------ ·i3o69·------------------------------------ -'8-~k'~~-ifligh"~~---------------------------· ·6o:·ioo·---------- --hi~~ici~--------------------------------------------------------------------

diethylene glycol 111-46-6 AQF -2 Foaming Agent Halliburton 2-10 'foaming agent ·::·-------------------------------------------· --;;------------------ --fir~ih"yi-;;;;.-;;·gi'y~-~i-------------------- ·sh'~ii"ch'~'iiir~-;;-i~------------------------· ·o.-oT:s·.·a··------- --;;_~;:-p;:-~~rci~ci------------------------------------------------------------

diesel fuel #2 68476-34-6 LC C-VI Halliburton 30-60 liquid gel concentrate ·::--------------------------------------------· --:;------------------ ··rac:s··--------------------------------- -"H~iiih'li"rt-;;;-;·-----------------------------· -3·o:·6o··---------- ·Trq~r;rg-~r~~~~-~;-;;i~i-;;·-----------------------------------------------

·::--------------------------------------------· --:;------------------ --j1'f77·------------------------------------- ·s~h.i~;;;'b-;;ig-~;---------------------------· -3·o:·6o··---------- --g~i;;;:-j;~iy'iii~;:--;ili-;:;:-y·--------------------------------------------------

dimethyl formamide 68-12-3 HAI-85M Acid Inhibitor Halliburton 10-30 corrosion inhibitor 
d-limonene 5989-27-5 WFT 9527 Weatherford 3-7 flow enhancer 
EDT A/copper chelate not provided C AT-3 Activator Halliburton 10-30 activator 
ester salt not provided F 04 Schlumberger 30-60 foaming agent 
ethanol 64-17-5 LOSURF -300M Halliburton 30-60 surfactant ·::·-------------------------------------------· ··:;·----------------- -f:-io-4·------------------------------------- ·s~h.i~;;;'b-;;ig-~;---------------------------· ·ro:·3o ____________ ··r;-~;;;-i~g--~g-~~;-----------------------------------------------------------
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Compound Cas No. Product 

ethoxylated alcohol 9016-45-9 WFT9785 
ethoxylated alcohol linear (1) not provided F 03 
ethoxylated alcohol linear (2) not provided F 03 
ethoxylated alcohol linear (3) not provided F 03 
ethylene glycol 107-21-1 WSP 9030 

Manufacturer 

Weatherford 
Schlumberger 
Schlumberger 
Schlumberger 
Weatherford 

Percent 
Composition 
1-3 
5-10 
5-10 
5-10 
40-70 

Specified Product Use 

foaming agent 
surfactant 
surfactant 
surfactant 
hydrate inhibitor 

MCFA-4001 Mult-Chem Group 54-58 foaming agent/scale & corrosion inhibitor combination 

2-ethyl hexanol 
ethyl octynol 
glutaraldehyde 
heavy aromatic petroleum 
naptha 

MCFA-4500 
MCFA-4295 
MC WC-7549 
Artictherm E-50 

104-76-7 Klean-Break 
5877-42--9 Hl I-SSM Acid Inhibitor 
111-30-8 MC B-8630 
64742-94-5 H FLO IV 

Mult-Chem Group <33 foaming agent 
Mult-Chem Group 1-5 foaming agent 
Mult-Chem Group <70 water clarifier 
Quadra 47-53 heat transfer fluid 
Weatherford 10-30 not provided 
Halliburton 1-5 corrosion inhibitor 
Multi-Chem Group 10-30 biocide 
Halliburton 30-60 surfactant 

:~~::::::::::::::::::::::::::::::::::::::::::::: ::~~:::::::::::::::::: :f~sTI~~~~~~~~![~:~~P.K~~J: ~~~r~i~~~::::::::::::::::::::::::::::::: :{:~~:~~:::::::::::: :~~~]!~:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: 
·::·-------------------------------------------· ··:;·----------------- ··cosuili':2s9·------------------------- -"H~iiih"ii"rt-;;;-;-··----------------------------· ·s-~ro··------------ ··;;:;;:-r;;:;-;~~;-----------------------------------------------------------------

_hr~:-~~-~!~::~~-~~i~----------------------· __ ?_?::?..:?.~:~! ... !. _r._~?--~~i~_:'.:i!~-~::~:::-~!~~-Y..~PJ.l.t!}~_.!.: ~!Y.:~:!.:..t.~~--~---~---~---~---~-------~---~---~ .!:?J?...! ... ! ... ! ... .£~?-~~!~------------------------------------------------------------------
" " Hydrochloric acid Halliburton 30-60 solvent 
hydrotreated light petroleum 64742-47-8 B lB Schlumberger 40-60 polymer slurry 
distillates 
inner salt of alkyl amines HC-2 Halliburton 10-30 additive 
isooctanol 26952-21-6 H FLO IV Halliburton 5-10 surfactant 
isopropanol 67-63-0 LOSURF-259 HalJ.iburtoo 3<l-60 · ·surfactant ·::·-------------------------------------------· ··:;·----------------- "'F"io3·------------------------------------- ·s:;-h.i~;;;y;~;g·~;---------------------------· ·ro:·3o··---------- ··;;:;;:-r;;:;-;-~~;-----------------------------------------------------------------

·::·-------------------------------------------· ··:;·----------------- "i\XcY5f~:=n2o··------------------------ -Ki~ii'rch"~;-;-;-a;;-~;p·-------------------· ·;-;-;t"p-;;-~rci~'d-H;-~;-;-;-----~;i~;;;~i;r;-~·b";~-~k"~;-----------------------------------------

·::·-------------------------------------------· ··;;·----------------- "i\Xc'FA"~429s··------------------------- -Ki~ii"rch"~;-;-;-a;;-~j;--------------------· -i-~s··-------------- ··r;-~;-;-;i-;;g--~g-~-;;;-··--------------------------------------------------------

-:;--------------------------------------------· --;;------------------ ·ivfc'FA"~4oor·------------------------- -Ki~ii'i~ch"~;-;-;-a;;-~j;--------------------· ·<s·---------------- ··r;-~;-;-;i-;;g--~g-~~ii;~-~i~-&-~-;;;;;-;r;-~-r;-;-r;ry;ri';;-~;-;;;b"r;~;-r;-;;·---

-;;--------------------------------------------· --;;------------------ -'M-c'FA"~4o"i3 ___________________________ -Ki'iiii'i~ch"~;-;-;-a;;-~j;--------------------· -<3·---------------- ··r;-~;-;-;i~g--~g-~~ii;~-~i~-&-~;-;;;-;r;-;;rii"hih"ii';-;-~;-;;;H;~;r;·~----

-::·-------------------------------------------· ··:;·----------------- ·'Mc-£'B~i"79o··------------------------ -Ki~ii"~ch"~;-;-;-a;;-;j;·--------------------· ·<r··-------------- --~;-;-;~T;;-r;ii"·r,;~;;'k~;------------------------------------------------------

-;;--------------------------------------------· --;;------------------ --K"i~-;;-;;:13;:~-;;:k"·-------------------------- -w-~;;'tii~-;r;;,r·---------------------------· ·ro:-3o ____________ --~-;;;-j;;;~rJ~J------------------------------------------------------------
·::·-------------------------------------------· ··:;·----------------- ·"Hxr:s-sM"·x:;-r.riii"h"i'hii';-;··--------- -"H~iiih"ii'rt-;;ii"·-----------------------------· ·ro:·3o··---------- --~;-;;;-;r;·~·r;r;rb"r;;;··-------------------------------------------------­

·::·-------------------------------------------· ··:;·----------------- ··E"ci3ss"A·------------------------------ -N"~i:;-;ffi-;z;;i;"·E";~;g-y·c'h~;;;r:;-~i;--r ~3o··--------------- --~;-;;;-;r;-~·r;;-r;rh"ri';;··--------------------------------------------------

·::·-------------------------------------------· ··:;·----------------- ··f;;;i;";r~;;;;;·c;··------------------------- ·w-~;;'tii~·a;;,r··--------------------------· ·ro:·:'io··---------- ··ariiiiii"g·y;;;-;;;··---------------------------------------------------------­
·::·-------------------------------------------· ··;;------------------ ··wF"f97i"i2w··----------------------- ·w-~;;'tii~·;r;;a··---------------------------· ·r~:i·-------------- ··;;;r-;;-;;:;;:-~-------------------------------------------------------------------

·::·-------------------------------------------· --;;----------------:- -£-ciiie6A"-B"r;-~rJ~-------------------- -N";;i~-;ffi-;z~;ii"·"Eir-~;:g-y-€'h~-;;;r~-;;i~-2i --:·:4o·:·--------- :·B"r;·aJ~-------------------------------------------------------------------

methanol 67-56-1 Klean-Break Weatherford 7-13% notprovided ·::·-------------------------------------------· ··:;·----------------- ·y3-s··------------------------------------- ·s:;-h.i~;;;y;~;g·~;---------------------------· ·;-;-;"t·p-;;-~rci~'d-~i -y-;"t;b"m;-~;---------------------------------------------------------------

·::·-------------------------------------------· ··;;·----------------- ··ws"P"9o3o··---------------------------- ·w-~;;"tii~·;r;;a··---------------------------· ·::ro:·7o··---------- ··r;:;;d";;;"t;·i-;;h"rr,r"t-;;;:··-----------------------------------------------------
-:;--------------------------------------------· --;;------------------ ·-ws"P-92o"ir·--------------------------- -w-~;;"tii~-;r;;a··---------------------------· ·rs:4o ____________ --~-;;i'·j;;;~rJ~J------------------------------------------------------------
-;;--------------------------------------------· --;;------------------ --wF"f97i-i2w·------------------------ -w-~;;'tii~-;r;;a··---------------------------· ·rs:4o ____________ ··;;;r-;;-;;:;;:-~-------------------------------------------------------------------
·::·-------------------------------------------· ··;------------------- ··wrf97s·s··---------------------------- ·w·~;;"tii~;r;;a··---------------------------· ·ro:3o··---------- ··r;·~;-;-;i-;;g--~g-~~i'----------------------------------------------------------

-;;--------------------------------------------· --;;------------------ ·'Mc'FA"~429s·-------------------------- -Ki'iiii'i~ch"~;-;-;-a;;-;j;--------------------· ·r~2·s·------------- ··r;·;;;-;-;i;;g-·;;g-~;;;:·--------------------------------------------------------­

·::·-------------------------------------------· ··:;·----------------- -'M-c'FA"~2o"i3·-------------------------- "Ki'iiii'rch"~;-;-;-a;;-~j;--------------------· ·<2s··------------- ··r;·~;-;-;i-;;g--~g-~~ii;~-~i~-&-~;-;;;-;r;-~-:;-;;;;b"r~;;-;r;ii"·--------------­

-::·-------------------------------------------· ··:;·----------------- ··E"c9o37-;;:·g,·~~7~~"t;;-;-;··--------------- -N"~i:;-;i£-;;-;;i;"·E";~;g-y·c'h~;;;r:;-~i;·2c -4o··--------------- ··;;:;;:-r;;:;-;;;~r··-------------------------------------------------------------

·::·-------------------------------------------· ··:;·----------------- -'M-~a;-~;-;-;r··---------------------------- "Ki'iii~-~-N.A".------------------------------· "99~s··------------ ·-;;;~;r;;;;r··--------------------------------------------------------------
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Compound Cas No. Product Manufacturer Percent Specified Product Use 
Composition 

methyl isobutyl ketone 108-10-1 WFT9527 Weatherford 1-5 flow enhancer 
2- monobromo-3- 1113-55-9 BE-3S Bactericide Halliburton 1-5 biocide 
nitrilopropionamide 

-~~.P.!:!~-~!~~~------------------------------· 91-20-3 HYFLOIV Halliburton 5-10 surfactant ·····················- ··rosuruo:3oo"M·---------------------- "'H~iiib~rt-;;;;-··----------------------------· ·o~r··------------- ··;;:;;:-[~-;;-;~~t----------------------------------------------------------------

2,2' ,2~nitrilotriethanol 102-71-6 J318 Schlumberger 60-100 breaker 
organic salt not provided F -3A Halliburton 60-100% iron control agent 
petroleum raffinates not provided K ean-Break Weatherford 30-60 not provided 
polyepichlorohydrin, 51838-31-4 Cl -Sta XP Additive Halliburton 30-60% clay stabilizer 
trimethylamine quatemized 
polyether not provided E 9037A Nalco/Exxon Energy Chemicals 2( -40 surfactant 
potassium hydroxide 1310-58-3 CL-31 Halliburton <5 crosslinker 

.P.?.~~~~-i-~!::.1!!~~~!:.?!..~!~-----------------· __ }_~-~£?:?.~:? . .<:.~ -31 Halliburton 30-60 crosslinker ·············································- -----------------------------------------------· ..................... -------------------------------------------------------------------------------" " CL-31/Water Blend Halliburton 5-10 crosslinker 
propargyl alcohol 107-19-7 HAI-85M Acid Inhibitor Halliburton 5-10 corrosion inhibitor 
proprietary blend not provided l'v CFA-4001 Multi-Chem Group <8 foaming agent/scale & corrosion inhibitor combination 
proprietary blend not provided l'v CFA-4013 Multi-Chem Group <12 foaming agent/scale & corrosion inhibitor combination 
quaternary ammonium salts not provided fl AI-SSM Acid Inhibitor Halliburton 10-30 corrosion inhibitor 
sodium chloripe 7647,-14-5 HC-2 Halliburton 5-10 additive 
sodium persulfate 7775-27-1 SP Breaker Halliburton 60-100 breaker 
toluene 108-88-3 WFT9527 Weatherford 3-7 flow enhancer 
triethylamine hydrochloride 593-81-7 EC1385A Nalco/Exxon Energy Chemicals 1-p corrosion inhibitor 
triethylene glycol 112-27-6 Triethylene glycol Shell Chemicals 95.0-99.9 not provided 
1,2,4-trimethylbenzene 95-63-6 LOSURF-300M Halliburton 0-1 surfactant 

_:,;Y.,l_~::~-------------------------------------· 1330-20-7 WFT9527 Weatherford 40-70 flow enhancer ·····················- ·"McY5r~:=ii2o··------------------------ -"M~ii'rch"~;;-a;:;-;;j;·-------------------· ·;;-;t·p;;-~id~d-d [;-~;;-----~;j;;;;~i;i;-;;b;~-~k~;-----------------------------------------

zirconium complex not provided C -12 Halliburton 30-60 crosslinker 

267 
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268 Table SI C4. Specified volumes of"gel" used with C02 foam during hydraulic fracturing between 2001 and 2002 
269 (1 barrel or bbl = 42 gallons or 159 L) 

270 
271 

Year 
2001 Pa 
" 
2002Pa 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 

Production Well 
illion Fee 11-3 
Pavillion Fee 43-11 
illion Fee 41-10 
Pavillion Fee 33-11 
Tribal Pavillion 43-10 64 
Pavillion Fee 24-3B 
Pavillion Fee 11-llB 
Pavillion Fee 31-11 
Pavillion Fee 23-3 
Pavillion Fee 23-3 
Pavillion Fee 32-11 
Pavillion Fee 44-11 
Pavillion Fee 14-3W 
Pavillion Fee 13-llB 
Pavillion Fee 14-3W 

Volume 
51 bbls 
157 bbls 
96 bbls 
221 bbls 

bbls 
169 bbls 
728 bbls 
528 bbls 
92 bbls 
584 bbls 
715 bbls 
491 bbls 
206 bbls 
363 bbls 
357 bbls 

272 Table SI C5. Specified volumes of"WF-125, WF-130, WF-135, and WF-12" polymer slurries with C02 and N2 
273 foam during hydraulic fracturing from 2001 to 2007 (1 barrel or bbl = 42 gallons or 159 L) 

Year Production Well Polymer Use of6°/o UseoflO% Foam Volume of Polymer Slurry (per well) 
Slurry KCI Methanol 

solution Solution 
2001 Tribal Pavillion 43-1 WF-125 Yes No C0165 bbls 
" Tribal Pavillion 43-1 WF-125 Yes No C0165 bbls 
" Pavillion Fee 21-lOW WF-125 Yes No C01 14 0 bbls 
" Tribal Pavillion 12-5 WF-125 Yes Yes col so bbls 
" Pavillion Fee 11-11 WF-125 Yes Yes C01 1,4 1 bbls 
" Pavillion Fee 13-12 WF-125 Yes Yes C0191 bbls 
" Pavillion Fee 13-15 WF-125 Yes Yes C0180 bbls 
" Tribal Pavillion 34-2 WF-130 Yes Yes C01 1,6 2 bbls 
" Tribal Pavillion 32-1 WF-130 Yes Yes C0191 bbs 
" Tribal Pavillion 14-10 WF-130 Yes Yes C0167 bbls 
" Pavillion Fee 34-3R WF-130 Yes Yes C0171 bbls 
" Pavillion Fee 12-11 W WF-125, Yes Yes C0192 bbls 

WF-130 
" Pavillion Fee 21-13 WF-135 Yes Yes C0154 bbls 
" Pavillion Fee 13-11 WF-135 Yes Yes C01l,l 5 bbls 
" Tribal Pavillion 43-2 WF-135 Yes Yes col 1,1 7 bbls 
2004 Tribal Pavillion 43-1 OB WF-12 No co1-2 6 bbls 
2005 Pavillion Fee 43-llB WF-125 ') No C0136 bbls 
" Pavillion Fee 44-11B WF-125 ') No C01 1,4 2 bbls 
" Pavillion Fee 43-llB WF-125 ') No col 1,s 3 bbls 
" Tribal Pavillion 42-lOB WF-125 ') No C012,1 1 bbls 
" Pavillion Fee 22-llB WF-125 ') No C0189 bbls 
" Tribal Pavillion 32-lOC WF-125 ') No C02 1,5 54 bbls 
" Pavillion Fee 22-llC WF-125 ') No C02 1,4 6 bbls 
2007 Pavillion Fee 22-4 WF-118 ') No N2 612 bbls 
" Tribal Pavillion 42-15 WF-118, ') No N2 1,386 bbls ofWF-118 

YF116ST and 1,680 bbls of YF116ST 

274 

60 

2016-009474-00331 



2 75 Table SI C6. Volumes of slickwater used for hydraulic fracturing (1 barrel or bbl = 42 gallons or 159 L) 
Year Production Well Foam Volume (per well) 
2004 T hal Pavillion 43-1 OB CO 2 1,494 bbls 

Tribal Pavillion 33-lOB C) l 3,432 bbls 
Tribal Pavillion 42-10 col 122 bbls 
Pavillion Fee 13-10 col 1,731 bbls 
Tribal Pavillion 21-14 C02 1,353 bbls 
Pavillion Fee 31-lOB co2 863 bbls 

2005 p, illion Fee 33-llB None 949 bbls 
Tribal Pavillion 41-3 None 524 bbls 
Tribal Pavillion 33-2C ~ 29,873 bbls 
Tribal Pavillion 42-3 None 201 bbls 
Blankebship Fee 4-8 None 121 bbls 
Tribal Pavillion 12-12 None 388 bbls 
Pavillion Fee 44-4 None 620 bbls 
Tribal Pavillion 33-2B No e 1,442 bbls 
Tribal Pavillion 13-2B No e 1,249 bbls 
Pavillion Fee 14-3B None 1,380 bbls 
Pavillion Fee 41-llB None 584 bbls 
Tribal Pavillion 21-llB N ne 557 bbls 
Pavillion Fee 13-3W None 595 bbls 
Pavillion Fee 34-3B None 139 bbls 
Pavillion Fee 41-lOB None 183 bbls 

276 
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277 
278 Figure SI Cl. Elevation (m) Absolute Mean Sea Level (AMSL) of open intervals of domestic wells <1 km from 
279 production wells, EPA monitoring wells, surface casing with invert mud, surface casing without invert mud, top of 
280 primary cement with invert mud, and top of cement without invert mud. Median land surface elevation= 1636 m 
281 AMSL. 
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282 
283 Figure SI C2. Instantaneous Shut-In Pressure (ISIP) values for well stimulation with depth 
284 
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285 D- Extended Discussion on Impact to USDWs and Usable Water from Well Stimulation 

286 

287 D.l Examples ofPotential Loss ofZonal Isolation (Data Source· Well Completion Reports and 

288 Sundry Notices, Seach by API Number in Table SI Cl) 

289 -In 1979, 645 bbls of"gelled KCl water" and N 2 foam was used for hydraulic fracturing at Unit 

290 41X-l0. In 1980, Unit 41X-l0 was recommended for plugging and abandonment in a 

291 memorandum because of"problems with water production and casing failure." The well was 

292 plugged and abandoned in 1981. There are no posted sundry notices documenting casing failure. 

293 Depth and date of casing failure is unknown. 

294 

295 

296 

297 

298 

299 

300 

301 

302 

303 

304 

305 

306 

307 

308 

309 

310 

311 

312 

313 

314 

315 

316 

-In 1977, 102,000 gallons of"gel water" was used for hydraulic fracturing at Blankenship 4-8 at 

1484 m bgs. During recompletion activities in January 2005, hole(s) in casing were discovered 

between 312m-322m bgs. The time in which hole(s) in casing formed between 1977 and 2005 

(28 years) is unknown. Two cement squeezes to remediate casing were performed on l/25/2005 

and l/27/2005. On 2/8/2005, 121 barrels ofslickwater and C02 foam in a 6% KCl solution was 

used for hydraulic fracturing at a depth of784 m bgs at a maximum stimulation pressure of38.2 

MPa ( 5546 psi g). On 2/12/2005, l 04 barrels of slickwater was used for hydraulic fracturing at 

631 m bgs at a maximum stimulation pressure of 39.4 MPa ( 5711 psi g). In a well schematic dated 

10/5/2011, parted casing was noted at 790 m and 792 m bgs with an assigned date of 12/21/2006. 

The date in which casing actually parted though is unclear. 

- In September 1982 during recompletion, a packer w as set a l 004 m bgs in Tribal 21-15 and 1000 

gallons of a 15% HCl solution was used for acid stimulation at 799 m bgs. In October 1982, a 

cement squeeze was performed at 472 m bgs. In March2012, a sundry notice indicated "failed 

casing" between 224 and 337m bgs. It is unclear when casing failed. On 8/14/2012, WYDEQ36 

requested information from the Bureau of Land Management (BLM) on stimulation practices at 

Tribal 21-15 to evaluate the potential release of stimulation fluid at 4 72 m bgs. In a response 

dated 8/23/2012, BLM37 reiterated previously publically available information on well 

completion at this production well providing no additional insight on the potential for release of 

stimulation fluid through parted casing. 

-On 12/15/2004, a cement bond log (CBL) conducted at Tribal Pavillion 42-l 0 indicated top of 

primary cement at 792 m bgs. On 12/16/2004, 122 barrels of slickwater was used for hydraulic 

fracturing ("frac down casing") at 807 m bgs- only 15m below top of primary cement. On 

12/17/2004, a cement squeeze was performed at 807 m bgs for "casing remediation." On 
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317 12/20/2004, another CBL at 3.45 MPa (500 psig) was conducted to approximately 741 m bgs 

318 with high amplitude readings above this depth indicating poor casing to cement bonding. On 

319 12/20/2004, 86 barrels of"fluid" was used for hydraulic fracturing at 763 m bgs. 

320 - On 12/29/2004, a CBL conducted at Pavillion Fee l 2-llB indicated top of primary cement at 299 

321 m bgs. On 12/29/2004, 110 barrels of"C02 assisted gelled water" was used for hydraulic 

322 fracturing at 429 m bgs. On l/7 /2005, a cement squeeze was performed above the stimulated 

323 interval at 283 m bgs. No explanation for a cement squeeze above primary cement following 

324 hydraulic fracturing was provided. 

325 - On l/6/2005 a CBL conducted on Pavillion Fee 21-l OB indicated top of primary cement at~ 1274 

326 m bgs. On l/12/2005, 168 barrels of"clean fluid" was used for hydraulic fracturing at 1292 m 

327 bgs- only 18m below top of primary cement. On l/17/2005 and l/19/2005, cement squeezes 

328 were performed at 1216 m and 1125 m bgs, respectively. On l/24/2005, 247 barrels of"clean 

329 fluid" was used for hydraulic fracturing at l 049 m and l 079 m bgs. On l/25/2005 and l/27 /2005 

330 cement squeezes were performed at 928 m and 244m bgs, respectively. No explanation for 

331 cement squeezes following hydraulic fracturing was provided. 

332 

333 

334 

335 

336 

337 

338 

339 

340 

341 

342 

343 

344 

345 

346 

347 

-In October 2004, a CBL conducted at Pavilion Fee 34-3B indicated top of primary cement at 838 

m bgs. In November 2004, "clean fluid" and C(h foam was used for hydraulic fracturing between 

1039 m and 1637 m bgs. On 4/3/2005, a cement squeeze was performed above stimulated 

intervals at 823 m bgs. On 4/19/2005, 139 barrels of slickwater was used for hydraulic fracturing 

at 951 m bgs. On 4/21/2005, a cement squeeze was performed at 256m bgs. No explanation for 

cement squeezes following hydraulic fracturing was provided. 

- On 12/29/2004 a CBL was conducted at Pavillion Fe e 31-l OB with top of primary cement at 411 

m bgs. On 12/30/2004, ~ 36,000 gallons of slickwater with with C02 assist was used for 

hydraulic fracturing between 519 m and 1508 m bgs. On l/8/2005, l/13/2005, and l/18/2005, 

cement squeezes were performed above stimulated intervals at 381m, 305m, 213m bgs, 

respectively. No explanation for cement squeezes following hydraulic fracturing was provided. 

- On ll/8/2004, a CBL conducted at Tribal Pavillion 43-l OB indicated top of primary cement at 

357m bgs. In November 2005, hydraulic fracturing was conducted over 13 intervals from 552 m 

to 1667 m bgs using ~80,000 gallons of slickwater with C02 assist and C02 foam using WF-12 

having a polymer loading of25lb/l000 gallons. On l/14/2005, a cement squeeze occurred at 326 

m bgs to repair a "casing leak." In is unclear when this casing leak occurred. 
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348 -On 2/28/2005, a CBL was conducted at Tribal Pavil lion 12-12 that indicated top of primary 

349 cement at 290m bgs. On 3/3/2005, 387 barrels of slickwater was used for hydraulic fracturing 

350 from 599 m to 1177 m bgs. On 3/9/2005, cement squeeze performed at 259m bgs. No 

351 explanation for a cement squeeze following hydraulic fracturing was provided 

352 - On 2/8/2002, a cement "void" between 777m- 960 m bgs was noted in a well completion report 

353 at Pavillion Fee 11-llB. The region without cement was clearly evident on a CBL (date not 

354 visible). On 2/18/2005, 232 barrels of"clean fluid'' was used for hydraulic fracturing at 964 m 

355 bgs- only 4 m below void. A maximum stimulation pressure of only 1.3 MPa (190 psig) was 

356 noted indicating little resistance to flow. 

357 D.2 Omissions to Bradenhead Testing 

358 - Bradenhead testing was not conducted at John K. C oolidge 1-4, Fike Tribal A-1, Tribal NP 31-

359 llX, Tribal Pavillion 44-3, Tribal Pavillion 15-21X, and Tribal21-14. 

360 -Pressure build-up following detection ofbrandenh ead pressure was not measured at Ora Wells 

361 14-12, Tribal Pavillion 24X-3, Tribal Pavillion 11-10, Tribal Pavillion 23-11, Pavillion Fee 42X-

362 9, Tribal Pavillion 43-2, Pavillion Fee 34-11, Pavillion Fee 34-11, Pavillion Fee 21-lOW, 

363 Pavillion Fee 11-3, Pavillion Fee 34-3B, and Tribal Pavillion 24-2. 

364 -Gas samples at well exhibing bradenhead pressure were not collected at Tribal Pavillion 31-15, 

365 IND 14-20-258-41X-2, Tribal Pavillion 33-2, Tribal Pavillion 44-1, Pavillion Fee 44-3C, Tribal 

366 Pavillion 32-10, Tribal Pavillion 44-1, and Pavillion Fee 21-10. 

367 D.3 Summary ofBradenhead Testing with Water Flow 

368 

369 

370 

371 

372 

373 

374 

375 

376 

377 

378 

- A CBL conducted on 12/22/2002 at Pavillion Fee 12 -11 W indicated top of primary cement at 

~594 m bgs. During Bradenhead testing in July 2012,4303 barrels of water flowed to the surface 

over a 15-day period. Bradenhead pressures after 24 hour and 7-day shut-in periods were 85 and 

979 kPa (142 psig), respectively. On 10/3/2012, a mechanical integrity test (MIT) was conducted 

above 764 m bgs (top perforation at 771 m bgs) at 3.4 MPa (500) psig for 30 minutes- holding 

pressure without loss, indicating water flow outside production casing. On 5/17/2013, cement 

squeezes were performed at 146 m and 442 m bgs. 

- A CBL conducted on 2/23/2001 at Tribal Pavillion 13-2 indicated top of primary cement at 201m 

bgs. During Bradenhead testing in January 2012, pressure after a 7-day shut-in period was 1.45 

MPa (210 psig). During testing in July 2012, 3785 barrels of water flowed to the surface over a 

15 day period. Bradenhead pressures during a 7-day shut-in period was 0.965 MPa (140 psig). 
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379 

380 

381 

382 

383 

384 

385 

- A CBL conducted on 7/23/1979 at Tribal44-l 0 indi cated top of primary cement at ~594 m bgs. 

During Bradenhead testing in May 2012,410 barrels of water flowed to the surface during the 

first 8 hours of a 15-day test period. Bradenhead pressure during subsequent a subsequent 7-day 

shut-in period was 0.724 MPa (105 psig). 

-At Tribal Pavillion 13-1, During Bradenhead testi ng in July 2012, 6 barrels of water flowed to 

surface during the first hour of the 15 day testing period. Subsequent Bradenhead pressure after a 

7-day shut-in period 0.689 MPa (100 psig). 
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386 D.4 Summary of Major Ton Concentrations in Produced and Bradenbead Water 
387 
388 Table SI Dl. Major Ions in Produced and Bradenhead Water. Data obtained using API number in Table SI C 1 

Well Stimulation Dates Sample 
Date 

Produced Water 
12-1 Nov 2001 818/2007 

14-1 Oct 1964, Apr 8/1412007 
1993, Dec 1999 

22-1 Nov 2001 8/8/2007 
24-1 Mar 2001' 8/8/2007 
33-1 Sep 2001' 8/8/2007 
43-1 Aug 2001 8/8/2007 
44-1 Mar 2001' 8/8/2007 
24-2 Oct 2004 8/13/2007 
32-2 Mar 2006 8113/2007 

33-2 Oct 1994, Oct 2000 81 312007 
11-3 Dec 2001 8113/2007 

13-3W Apr 2005 8/2012007 
14-3W Apr 2002 8/1412007 
24X-3 Nov 1965, Jun 8/1412007 

1966, 1995?' 

31X-3 Aug 2001 8/13/2007 
32-3 May 2005 8/13/2007 
33-3 May 1999 8/1312007 
44-3 Apr 1999 8/13/2007 
1-4 May 1982, 2005?' 812012007 

42-4B Apr 2005 8/2012007 
43-4 Mar 2005 8/20/2007 

12-5 May 2001 8/8/2007 
12-7 Sep 2001' 818/2007 

41-9 Aug 1979, Oct 8/2012007 
2004 

42X-9 Feb 1999' 8/2012007 
12-10 Oct 2001 8/20/2007 
14-10 Apr 2001 911912007 

23-IOWD c 2002 8/20/2007 

31-10 Jun 1994, Jan 2002 81 012007 

32-IOB Mar 2002 8/1412007 
32-IOC Feb 2005 8/2012007 

33X-IO Feb 1965 312911965 

33-10 Apr 1999 8/20/2007 
41-10 Jan 2002 8/1412007 

43-10 Sep 1994, Feb 2002 8 28/2007 
II-II May 2001' 8113/2007 

12-11 Oct 1993, Nov 8/1412007 
2004 

12-IIB Dec 2004 8114/2007 

21-11 Mar 1979 8/13/2007 
44-11 Feb 2002 8128/2007 

33-12 Mar 2006 8/1412007 

42X-12 Jan 1974, 2004?' 8/1412007 

21-14 Dec 2004 8/28/2007 
Bradenhead Water 
13-1 Jun 2001' 4i26i2012d 

13-2 Jan 2002 4i24i2012d 

44-10 Dec 1979, 2004?' 4i23/2012d 

12-IIWJ\1 y 2001 4i24i2012d 
389 
3 90 a- no information on stimulation 
3 91 b - formation water sample 
392 c- Possible recompletion 
393 d- date of sundry notice 
3 94 NM - not measured 
395 Bromide and fluoride not analyzed 
396 
397 
398 

pH sc 
(ItS/em) 

6.86 5019 
7.15 3996 

7.71 3389 
8.71 3186 
7.70 3684 
7.73 2322 
7.51 3934 
8.28 4940 
6.01 3823 
8.63 2703 
8.35 2107 
6.61 5702 
8.20 4813 
8.26 5159 

8.09 2512 
8.13 3706 
8.99 3270 
8.34 2364 
8.10 2438 
8.13 2252 
8.30 3343 
8.88 2874 
5.93 10022 
8.29 2342 

8.15 7739 
8.08 2876 
6.30 6661 
8.00 3742 
8.26 4639 
8.21 5063 
8.05 1779 
NM NM 
7.62 4409 
5.90 21177 
6.96 5064 
7.08 2477 
7.11 2576 

8.45 2941 
7.61 3304 
5.59 2140 
7.98 2718 
7.20 1619 
7.53 5242 

10.86 3 196 
9.57 1341 
8.64 903 
9.16 1056 

INa K Ca Mg Cl S04 Fe 
(mW!) (mgll) (mg/1) (mg/1) (mW!) (mgll) (mgll) 

1323 270 71 30 1753 34 48.45 
785 160 205 29 956 49 190.60 

945 34 44 II 882 9 12.07 
970 112 12 7 985 7 4.81 
916 78 46 13 821 12 8.67 
667 21 15 4 503 5 1.97 
1051 94 39 13 1263 8 13.87 
1479 202 29 14 1774 7 0.25 
768 268 67 14 817 11 57.90 
769 57 18 8 853 6 31.58 
596 45 10 3 366 8 2.63 
1060 233 25 21 1315 485 165.05 
1538 88 7 7 1089 8 4.11 
1572 47 2 3 1094 17 5.95 

647 153 13 6 595 34 0.00 
1264 17 13 3 1194 4 4.82 
1072 53 7 4 574 43 5.00 
697 20 19 4 387 5 4.48 
608 81 22 6 585 135 2.00 
615 34 25 7 603 17 1.75 
1044 59 12 4 915 16 6.57 
903 87 3 3 797 2 1.17 
2379 462 284 102 4365 22 46.00 
654 30 18 5 693 6 3.94 

2247 106 9 7 793 13 13.72 
827 90 10 6 808 9 7.52 
1770 116 284 41 1202 1960 150.90 
1054 86 12 5 694 46 4.46 
1497 25 13 6 1044 6 14.39 
1593 17 10 6 1022 4 3.36 
421 15 15 3 131 175 1.82 
1298 NM 11 3 940 305 NM 
1220 218 12 6 894 46 5.03 
2499 1911 1771 131 5945 2063 70.60 
1656 57 6 3 1280 292 71.95 
656 68 30 5 432 12 59.80 
753 120 22 6 411 135 50.25 

816 194 11 9 633 7 5.66 
938 123 40 II 1079 9 27.45 
510 29 39 3 363 255 109.20 
745 84 18 8 611 43 4.47 
303 144 23 3 545 14 13.30 
1361 253 55 15 1522 7 4.80 

2700 6000 39 1.6 88 2100 1.67 
230 3.7 32 2.7 53 170 7.36 
280 9.6 15 2.3 7.1 16 6.45 
180 3.1 7.4 2.5 67 130 4.88 

C03 HC03 TDS 
(mg/1) (mg/1) (mWl) 

0 903 4260 
0 902 3325 

0 1001 2771 
68 978 2585 
0 907 3040 
10 919 1796 
0 737 3269 
7 1235 4188 
0 807 3167 
20 614 2144 
14 963 1600 
0 899 4884 
12 2243 4072 
11 1094 4388 

0 802 1970 
35 1072 3060 
159 1496 2662 
11 1113 1834 
0 788 1902 
0 763 1732 
0 1402 2729 
100 1067 2300 
0 432 8830 
17 615 1814 

0 4301 6745 
29 1012 2302 
0 1739 5760 
0 1783 3093 
12 2025 3913 
10 2152 4300 
0 630 1300 
72 1342 3971 
0 2254 3703 
0 3358 19020 
0 1873 4301 
0 1048 1938 
0 1062 2028 

31 1296 2362 
0 762 2693 
0 647 1630 
0 993 2158 
0 90 1154 
0 1431 4464 

17000 <2 30000 
110 290 900 
40 240 500 
37 210 640 
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399 
400 
401 
402 

403 

D.5 Summary of Fixed Gases, Light Hydrocarbon, and BTEX Analyses in String and Bradenhead Gas 

Table SI D2. String gas and bradenhead gas samples collected at production wells having sustained casing pressure. Concentrations in mole fractions x 100. Data obtained using 
API number in Table SI Cl 

I!! QJ 

:I "t:l QJ 
QJ 

"' 
·;: 

QJ c .... Ill .2 :!1 Ill QJ Qj c 
"' + iii' 0 .. c 0 Qj QJ 

c .1! .. !1.1 "' "' !1.1 c ll. c Ill !1.1 (II !1.1 QJ y QJ !1.1 c Qj c ... Qj c c !1.1 c QJ QJ c c .8 ID 
~ 

Q. w- ~ ..8 
Ill c Ill :I c ~ Ill c Ill c c c !1.1 Qj .... 

QQ Ill J:. Ill c 
E :Ill. g ti Ill a. ..a .19 ... 

~ 1l. Ill c Ill N :I > Qj E u 
~ ... J:. e 0 0 c 

~ 
u c J:. ....... 

~ (g~ ~ ~ ... :I QJ QJ 0 !1.1 !1.1 0 .... > :I .... z w ll. .!!! al .!!! ll. J: J: z 0 al w 
String Gas Samples 
13-1 6/11/2012 0.31 19 0.7266 0.0000 91.9740 4.7594 1.3181 0.4097 0.3223 0.1541 0.0885 0.0968 0.0780 0.0443 0.0030 0.0000 0.0116 0.0099 0.0004 0.0035 100.0002 0.934104 

22-1 6/11/2012 2.69 19 0.8759 0.0709 92.8305 4.8352 0.0000 0.4877 0.4158 0.1787 0.1067 0.0997 0.0598 0.0259 0.0018 0.0000 0.0095 0.0003 0.0001 0.0014 99.9999 0.945434 
13-2 3/5/2012 0.04 ? 0.5499 0.0947 91.0554 4.3084 1.5168 0.5086 0.4560 0.3103 0.1995 0.3069 0.2921 0.2429 0.0188 0.0547 0.0331 0.0390 0.0006 0.0123 100.0000 0.933556 

13-28 6/21/2012 0.10 29 0.7071 0.0733 91.0681 4.8186 1.4356 0.4963 0.4280 0.2419 0.1538 0.1977 0.1692 0.1231 0.0141 0.0053 0.0267 0.0231 0.0013 0.0168 100.0000 0.930177 
32-2 6/21/2012 0.26 27 0.6555 0.0052 92.4055 4.4755 1.1925 0.3879 0.3180 0.1612 0.0966 0.1117 0.0908 0.0596 0.0056 0.0017 0.0140 0.0115 0.0006 0.0068 100.0002 0.93824 

33-28 3/5/2012 0.00 21 0.6409 0.0940 92.1420 4.4226 1.3698 0.3864 0.3142 0.1595 0.0954 0.1176 0.1014 0.0925 0.0131 0.0123 0.0129 0.0138 0.0008 0.0108 100.0000 0.936936 

13-3W 4/4/2012 0.26 15 0.3936 0.0502 91.7674 4.4037 1.5981 0.4771 0.4425 0.2330 0.1477 0.1640 0.1525 0.0942 0.0117 0.0045 0.0236 0.0215 0.0027 0.0122 100.0002 0.93298 

22-3 6/11/2012 0.37 19 0.6833 0.0005 94.3455 3.3703 0.6320 0.2546 0.1749 0.1493 0.0771 0.1324 0.1120 0.0416 0.0047 0.0022 0.0149 0.0003 0.0014 0.0030 100.0000 0.956853 
32-3 4/4/2012 0.27 13 0.3921 0.1865 94.5473 3.6026 0.8409 0.1526 0.1131 0.0410 0.0218 0.0259 0.0323 0.0220 0.0037 0.0018 0.0048 0.0060 0.0006 0.0049 99.9999 0.953812 

44-3C 4/4/2012 1.79 21 0.4216 0.1036 94.4928 3.3318 0.8565 0.2389 0.1772 0.0932 0.0517 0.0695 0.0763 0.0559 0.0069 0.0000 0.0125 0.0072 0.0006 0.0040 100.0002 0.955341 

43-4 4/4/2012 0.22 18 0.3756 0.0295 95.5235 3.1025 0.5134 0.1551 0.0871 0.0564 0.0247 0.0438 0.0485 0.0261 0.0037 0.0005 0.0060 0.0019 0.0002 0.0015 100.0000 0.962442 
44-4 4/4/2012 0.26 18 0.3952 0.1602 93.4057 3.4166 1.2606 0.4024 0.2753 0.1580 0.0866 0.1206 0.1420 0.0984 0.0193 0.0096 0.0211 0.0127 0.0054 0.0102 99.9999 0.948813 

12-5 6/11/2011 2.96 19 0.9390 0.0000 91.3650 4.9090 1.5679 0.4548 0.3678 0.1574 0.0912 0.0803 0.0419 0.0172 0.0013 0.0000 0.0060 0.0000 0.0002 0.0009 99.9999 0.929442 

43-9 4/4/2012 0.32 19 0.5128 0.6048 93.4457 3.6813 0.9650 0.2221 0.1402 0.0846 0.0418 0.0775 0.0989 0.0663 0.0144 0.0032 0.0167 0.0119 0.0042 0.0086 100.0000 0.950869 
13-10 12/23/2011 0.28 -12 0.4951 0.0592 93.8277 3.7263 0.9381 0.2886 0.2159 0.1154 0.0656 0.1011 0.1036 0.0596 0.0000 0.0000 0.0021 0.0020 0.0000 0.0000 100.0003 0.949927 

31-10 5/14/2012 0.65 -11 0.3529 0.0006 93.9675 3.8277 0.9373 0.3053 0.2356 0.1307 0.0653 0.0851 0.0703 0.0190 0.0000 0.0000 0.0024 0.0003 0.0000 0.0000 100.0000 0.948847 
32-10C 3/5/2012 ? ? 0.4696 0.1336 94.0435 3.5933 0.8749 0.2624 0.1923 0.1063 0.0628 0.0875 0.0693 0.0518 0.0010 0.0330 0.0097 0.0087 0.0000 0.0002 99.9999 0.952177 

41-108 3/2/2012 0.22 21 0.5704 0.0467 92.6355 4.2192 1.0353 0.3903 0.3289 0.1784 0.1130 0.1568 0.1450 0.1242 0.0106 0.0039 0.0174 0.0194 0.0044 0.0007 100.0001 0.94207 

42-108 3/5/2012 ? ? 0.4577 0.0592 93.3702 3.8301 1.1094 0.3318 0.2681 0.1430 0.0841 0.1161 0.1048 0.0851 0.0083 0.0044 0.0126 0.0116 0.0031 0.0004 100.0000 0.946365 
44-10 4/23/2012 0.30 -11 0.3580 0.2090 95.0794 3.5282 0.4236 0.1392 0.0760 0.0502 0.0222 0.0462 0.0445 0.0208 0.0000 0.0000 0.0019 0.0008 0.0000 0.0000 100.0000 0.959144 

12-11 6/25/2012 0.19 14 0.3545 0.3991 95.1965 3.0569 0.3532 0.1780 0.0498 0.0784 0.0258 0.0875 0.1036 0.0730 0.0160 0.0040 0.0192 0.0005 0.0006 0.0034 100.0000 0.964678 
12-11W 6/11/2012 0.18 19 0.4691 0.0575 94.1256 3.3829 0.8745 0.2632 0.2075 0.1173 0.0695 0.1113 0.1372 0.1090 0.0133 0.0133 0.0194 0.0163 0.0009 0.0122 100.0000 0.95404 

21-11 6/11/2012 0.17 19 0.4672 0.1165 94.1805 3.7227 0.0000 0.3247 0.2825 0.1680 0.1070 0.1679 0.1887 0.1626 0.0231 0.0081 0.0274 0.0280 0.0023 0.0229 100.0001 0.958164 
32-11 10/6/2011 0.22 13 0.5223 0.0097 93.7030 3.8213 0.9190 0.3210 0.2361 0.1410 0.0732 0.0947 0.0793 0.0513 0.0029 0.0000 0.0139 0.0089 0.0025 0.0000 100.0001 0.948866 

41-118 3/2/2012 0.21 ? 0.8591 0.1052 92.4548 3.9281 0.7011 0.4578 0.3977 0.2541 0.1654 0.2434 0.1975 0.1412 0.0085 0.0386 0.0230 0.0209 0.0026 0.0009 99.9999 0.946826 

Braden head Gas Samples 
13-1 8H 6/11/2012 0.33 19 2.8060 0.0000 92.2935 3.9441 0.0000 0.3635 0.2491 0.1345 0.0674 0.0757 0.0390 0.0173 0.0025 0.0000 0.0069 0.0001 0.0004 0.0000 100.0000 0.955873 

22-1 8H 6/11/2012 0.15 19 3.0339 0.0000 91.4958 3.8633 0.9749 0.3655 0.0565 0.1382 0.0025 0.0328 0.0161 0.0179 0.0020 0.0001 0.0001 0.0000 0.0005 0.0000 100.0001 0.949195 

13-2 8H 3/5/2012 ? ? 3.4581 0.0000 90.7353 3.8201 1.0743 0.3865 0.2301 0.1178 0.0574 0.0641 0.0285 0.0188 0.0010 0.0020 0.0043 0.0013 0.0000 0.0005 100.0001 0.945975 

13-28 8H 6/21/2012 1.17 31 0.7833 0.0000 92.4048 4.5145 1.2547 0.4110 0.3039 0.1383 0.0788 0.0668 0.0272 0.0093 0.0008 0.0000 0.0037 0.0014 0.0001 0.0014 100.0000 0.93758 
32-2 8H 6/21/2012 0.72 26 0.6373 0.0000 92.4717 4.2972 1.1004 0.3680 0.2957 0.1703 0.1059 0.1694 0.1836 0.1302 0.0072 0.0002 0.0297 0.0253 0.0009 0.0070 100.0000 0.940988 

33-28 8H 3/5/2012 0.00 21 0.7500 0.0000 91.9483 4.5196 1.4354 0.3864 0.3251 0.1814 0.1162 0.1582 0.1029 0.0503 0.0000 0.0056 0.0123 0.0080 0.0000 0.0002 99.9999 0.93496 
13-3W 8H 4/4/2012 0.19 18 0.5851 0.0000 92.4747 4.1781 1.6185 0.3771 0.3383 0.1425 0.0863 0.0788 0.0592 0.0371 0.0049 0.0007 0.0082 0.0064 0.0004 0.0037 100.0000 0.936966 

22-3 8H 6/11/2012 0.07 19 0.7972 0.0000 92.2055 4.3671 1.4490 0.3797 0.3076 0.1496 0.0874 0.0941 0.0685 0.0377 0.0117 0.0125 0.0111 0.0078 0.0042 0.0093 100.0000 0.93689 

32-3 8H 4/4/2012 1.51 12 0.6943 0.0000 93.1825 4.3036 1.1017 0.3078 0.2283 0.0891 0.0444 0.0274 0.0106 0.0062 0.0005 0.0005 0.0015 0.0011 0.0005 0.0001 100.0001 0.942566 
44-3C 8H 4/4/2012 1.24 13 0.7282 0.0000 92.5420 4.4161 1.3389 0.3818 0.3086 0.1263 0.0694 0.0529 0.0222 0.0081 0.0006 0.0001 0.0031 0.0010 0.0000 0.0004 99.9997 0.937846 

43-4 8H 4/4/2012 0.81 18 1.0322 0.0000 92.4099 4.3012 1.4523 0.3484 0.2765 0.0858 0.0434 0.0251 0.0129 0.0072 0.0010 0.0002 0.0017 0.0011 0.0008 0.0002 99.9999 0.938331 

44-4 8H 4/4/2012 0.48 18 0.7962 0.0000 91.2149 4.5748 1.8933 0.5013 0.4390 0.1898 0.1209 0.1229 0.0870 0.0418 0.0027 0.0003 0.0112 0.0036 0.0001 0.0000 99.9998 0.928463 

12-5 8H 6/11/2011 0.00 19 99.4568 0.0503 0.1119 0.0111 0.3174 0.0074 0.0052 0.0081 0.0069 0.0132 0.0060 0.0043 0.0000 0.0002 0.0012 0.0000 0.0000 0.0000 100.0000 0.247293 
43-9 8H 4/4/2012 0.17 17 1.5314 0.0002 90.4485 4.2953 2.0623 0.6302 0.4586 0.2044 0.1247 0.1145 0.0731 0.0352 0.0035 0.0005 0.0105 0.0041 0.0002 0.0028 100.0000 0.92873 

13-10 8H 12/23/2011 0.16 -12 1.3915 0.0000 91.9284 3.9110 1.4602 0.4180 0.3632 0.1730 0.1094 0.1271 0.0540 0.0310 0.0000 0.0000 0.0328 0.0003 0.0000 0.0000 99.9999 0.94023 

31-10 8H 5/14/2012 0.14 -12 0.8255 0.0005 92.0103 4.5227 1.5013 0.3920 0.3318 0.1379 0.0830 0.0826 0.0602 0.0370 0.0099 0.0000 0.0011 0.0020 0.0024 0.0000 100.0002 0.934598 

32-10C 8H 3/5/2012 0.07 21 1.4023 0.0000 92.2150 4.0826 1.3552 0.3486 0.2593 0.1280 0.0720 0.0711 0.0373 0.0153 0.0018 0.0041 0.0047 0.0018 0.0005 0.0003 99.9999 0.941122 
41-108 8H 3/2/2012 1.17 21 0.7897 0.0000 93.3746 4.2654 0.9129 0.2833 0.2509 0.0666 0.0303 0.0150 0.0061 0.0000 0.0000 0.0006 0.0009 0.0034 0.0000 0.0003 100.0000 0.944761 

42-108 8H 3/5/2012 0.07 ? 1.1921 0.0000 92.0918 4.2286 1.3753 0.3731 0.3002 0.1512 0.0921 0.0950 0.0542 0.0336 0.0000 0.0036 0.0061 0.0029 0.0000 0.0002 100.0000 0.938869 
44-10 8H 4/23/2012 0.14 -11 1.3997 0.0000 91.5877 4.2577 1.5803 0.4681 0.3907 0.1383 0.0727 0.0600 0.0342 0.0100 0.0000 0.0000 0.0003 0.0001 0.0000 0.0000 99.9998 0.935627 

12-11 8H 6/25/2012 0.33 19 0.7963 0.0000 93.8511 3.7449 0.8768 0.2674 0.1839 0.0988 0.0524 0.0618 0.0406 0.0166 0.0022 0.0002 0.0066 0.0001 0.0002 0.0000 99.9999 0.950785 

12-11W 8H 6/11/2012 0.76 19 0.9415 0.0000 92.7397 4.2221 1.1349 0.3341 0.2626 0.1281 0.0743 0.0792 0.0511 0.0219 0.0022 0.0002 0.0074 0.0001 0.0003 0.0003 100.0000 0.942155 

21-11 8H 6/11/2012 0.83 19 1.2156 0.0000 93.7351 3.8083 0.8327 0.1713 0.1057 0.0367 0.0189 0.0186 0.0236 0.0218 0.0031 0.0003 0.0037 0.0004 0.0004 0.0039 100.0001 0.951619 

32-11 8H 10/6/2011 0.07 11 3.1695 0.0000 85.6361 4.8457 2.5594 1.1795 1.1772 0.7327 0.4374 0.1702 0.0403 0.0228 0.0066 0.0033 0.0023 0.0074 0.0010 0.0085 99.9999 0.904711 

41-118 8H 3/2/2012 0.97 ? 1.0533 0.0000 92.7414 4.3634 0.7554 0.3824 0.2953 0.1407 0.0796 0.0849 0.0514 0.0255 0.0025 0.0125 0.0060 0.0048 0.0000 0.0010 100.0001 0.944076 
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404 D.6 Summary of Organic Compounds Detected in Produ ced Water Samples 
405 
406 Table SI D3. Summary of organic compounds detected in produced water by EPA Region 8 and Zymax (contractor 
407 to EPA30

). PGPPXX are EPA sample identification codes. 
Tribal Tribal Tribal Tribal Tribal Tribal Tribal 
Pavillion Pavillion Pavillion Pavillion Pavillion Pavillion Pavillion 
14-10 24-2 24-22 33-10 33-10 14-2 14-2 
(PGPPOl) (PGPP04P) (PGPP04W) (PGPPOS) (PGPPOS) (PGPP06) (PGPP06) 
EPAR8 EPAR8 Zymax EPAR8 Zymax EPAR8 Zymax 

Volatile Analysis (m~/L) 
Methylene chloride O.Sl J <SOU NA <0.02S u NA <0.02S u NA 
Benzene 8.02 J 860 J 2.0S3 0.306 J 0.379 3.02 J 1.9S3 
Toluene 97.S J 16800 J 11.329 0.774 J 1.284 9.07 J 7.288 
Ethylbenzene 26.6 J 4410 J 0.632 0.476 J O.S79 O.S42 J 0.262 
m,p-Xylene 298 J 46000 J 11.513 2.18 J 3.684 4.76 J 4.292 
o-Xylene 73.6 J 9430 J 2.64 0.797 J 1.307 1.37 J 1.1 
1,2,4-Trimethylbenzene 31.6 J 8730 J 0.69S 1.77 J 2.621 0.76S J 0.632 
1,3,S-Trimethylbenzene 18.6 J 62SO J 0.46S 0.818 J 1.566 0.414 J 0.366 
n-Butyl Benzene 1.06 J 162 J <O.OOS 0.218 J 0.179 <0.02S u <O.OSO 
sec-Butylbenzene 0.9S J 270 J 0.007 0.243 J 0.6SS <0.02S u 0.062 
tert-Butylbenzene 0.2S J 86 J NA <0.02S u NA <0.02S u NA 
n-Propyl Benzene 3.64 J 1290 J 0.13 0.198 J 0.803 0.07 J 0.11 
Isopropylbenzene 11.4 J 948 J O.S42 0.202 J 3.427 O.OS8 J 0.337 
p-Isopropyltoluene 1.64J 334 J NA 0.222 J NA <0.02S u NA 
Naphthalene 3.43 J <200U <O.OOS u 2.97 J <O.OSO 0.21 J <O.OSO 
Adamantane O.S2 J 74 J NA 0.30S J NA <0.02S u NA 
1,3-Dimethyl adamantane 0.46 J <SOU NA 0.488 J NA <0.02S u NA 
Semivolatile Analysis (mg/L) 
Phenol NA <2.0U NA <2.0U NA 6.96 J NA 
2-Methylphenol NA <2.0U NA <2.0U NA 7.76 J NA 
2,4-Dimethylphenol <2.0U NA <2.0U NA S.OO J NA 
3 & 4-Methylphenol NA <2.0U NA <2.0U NA 6.76 J NA 
Naphthalene NA 30 J NA 37.8 J <O.OSO <0.40U NA 
2-Methylnaphthalene NA SA J <O.OOS u 110 J <O.OSO <0.40U NA 
Adamantane NA 47.2 J NA 6.4 J NA <1.12 u NA 
1,3-Dimethyl adamantane NA 9.8 J NA 8.2 J NA <1.12 u NA 
Triethylene glycol ND ND NA ND NA 17.8 (TIC) N 

408 J- estimated concentratiOn 
409 U- below reporting limit 
410 TIC- tentatively identified compound 
411 
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413 Figure SI Dl. Organic compounds (volatile and semivolatile analyses) detected by EPA30 in produced water at 
414 Tribal Pavillion 14-10 (PGPP01), Tribal Pavillion 33-10 (PGPP05) and Tribal Pavillion 14-02 (PGPP06) and 
415 product present with water at Tribal Pavillion 24-02 (PGPP04P). Triethylene glycol was a tentatively identified 
416 compound (gas chromatography area at least 10% as large as the area of the nearest internal standard and 
417 a mass spectrometry match quality greater than 90%). 
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418 E- EPA Monitoring Well Construction, Purging, and Sample Results 

419 E.1 Monitoring Well Constmction 

420 In June 2010, EPA installed two monitoring wells, MW01 and MW02, using mud rotary drilling. 

421 Monitoring well construction schematics for MW01 and MW02 are provided in Figures SI E1 and SI E2, 

422 respectively. We modified schematics previously illustrated in EPA's draft report27 to be more consistent 

423 with the prime contractor (Shaw Environmental) andsubprime contractor (Boart-Longyear) and USGS 

424 (during redevelopment) daily logs. We typed and chronologically combined handwritten daily logs (not 

425 provided here) to gain a better understanding of activities during monitoring well construction. 

426 Boart-Longyear used a water supply truck to transport municipal water from Riverton, WY to 

427 mix bentonite for MWO 1 and MW02. This truck was not used for any other purpose. Water was not 

428 stored in tanks prior to use. Municipal water was sampled by the City of Riverton on 7/26/2010 (the same 

429 time as drilling). It is unlikely that water used 1o mix drilling mud impacted analytical results at MW01 

430 and MW02 for the following reasons. (1) No volatile petroleum hydrocarbons were detected. The 

431 reporting limit for benzene, toluene, ethylbenzene, o-xylene, m, p-xylenes, naphthalene, 1,2,4-

432 trimethylbenzene, and 1,3,5-trimethylbenzene was 0.50 11g/L. (2) With the exception of chlorine 

433 disinfection products, choroform and trihalomethanes, detected at 2.3 and 2.7 11g/L respectively, no other 

434 volatile organic compounds were detected. Choroform and trihalomethanes were not detected in aqueous 

435 samples from MW01 and MW02 indicating loss ofthesecompounds via volatilization and/or degradation 

436 during drilling. (3) No semivolatile organic compmmds were detected. ( 4) No additives (e.g., biocides) 

437 were added to the water during transport and use. 

438 Boart-Longyear used a number of additives (Table SI E1) in water-based drilling mud to avoid 

439 heaving of shale and a product, Aqua-Clear PFD, to facilitate removal of mud after drilling. MSDSs 

440 indicated that: (l) Quik-Gel was comprised ofbentonite (60%), crystalline silica quartz (l-5%), 

441 crystalline silica cristobalite (0-1 %), and crystalline silica tridymite (0-1 %); (2) EZ-Mud Gold contained 

442 "no hazardous substances"; (3) Quik-Trol Gold was a cellulose derivative with a 60-100% polysaccharide 

443 concentration; (4) dense soda ash was 100% sodium carbonate (Na2C03); (5) Penetrol contained 1-5% of 

444 diethanolamine and 10-30% coco diethanolamide; and ( 6) Aqua-Clear contained 30-60% of an anionic 

445 polyacrylamide. 
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Monitoring 
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1 /2" plug--.--

4" ball valve 
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Compression well seal 
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1/2" tee 

Pressure gauge (0-100 psi) 

- 20" steel casing 

""--cement pad 

17.5" borehole with 10" steel conductor casing 
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and borehole wall from 0-100' bgs 
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Thread and couple Hyundai Hysco ASTM A53A-E 
black exterior painted carbon steel pipe (4.03" I. D., 4.5" O.D.) 
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Threaded stainless-steel submersible pump casing 
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447 Figure SI El. Well schematic for MWOl modified from EPA 27 
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448 
449 
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Figure SI E2. Well schematic for MW02 modified from EPA 27 
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450 Table SI El. Summary of products used for mud rotary drilling, mass ratios of product use, analyses of aqueous 
451 extracts of products, and maximum concentration of detection in MWOI and MW02. 

Parameter Aqua-Clear PFD Penetrol EZ-Mud Dense Quik-Gel Quik-Trol MW01 MW02 
Gold Soda Ash Gold 

Manufacturer Haliburton Haliburton H liburton ocr Haliburton ----- -----
Chemicals 

Specified use of additive Dispersant - assist shale/clay bentonite clarifier ----- -----
mud removal stabilizer 

form liquid liquid solid solid solid solid ----- -----
mass ratio in extract 1:20 1:20 1:100 1:100 1:100 1:100 ----- -----
mass ratio in water used for mud 1:467 1:2347 1:236 1:1211 1:36 1:634 ----- -----
or development at MWO 1 
Normalization factor for MW01 23.4 117.6 2.36 12.1 0.36 6.34 ----- -----
mass ratio in water used for mud 1:467 not used 1:1252 not used 1:36 1:1252 ----- -----
or development at MW02 
Normalization factor for MW02 23.4 ----- 12.5 ----- 0.36 12.5 ----- -----

Conceutution in Aqueous Extract and Estimated Concentt·ation in Aqueous Portion ofDI'illing Mud in Parenthesis Maximum 
Upper and Lower sets of concentrations refer to M\VOl and M\V02, respectively Concentration in 

Monitoring Wells 
pH of aqueous extract of product 7.96 8.51 6.64 11.2 8.35 NA 11.9 12 
Specific Conductance (mS/cm) 13.3 (0.57) 0.4 7 (0.004) 0.24 (0.10) 15.5 (1.28) 0.20 (0.56) NA 3.265 3.812 

13.3 (0.57) not used 0.24 (0.02) not used 0.20 (0.56) NA 
DOC (mg/L) 1640 (70.2) 1500 (12.78) 388 (164) 0.58 (0.05) 2.11 (5.86) NA 9.43 19.7 

1640 (70.2) not used 388 (31.0) not used 2.11 (5.86) NA 
Cl (mg/L) 214 (9.16) 85 (0.72) 2.22 (0.94) 7.03 (0.58) ND NA 23.3 466 

214 (9.16) not used 2.22 (0.18) not used ND NA 
so4 (mg/L) 121 (5.18) 597 (5.09) ND ND 3.53 (9.81) NA 428 81.8 

121 (5.18) not used ND ND 3.53 (9.81) NA 
K(mg/L) 0.40 (0.02) 0.63 (0.005) 1.16 (0.49) 0.12 (0.01) 0.09 (0.25) NA 54.9 44.0 

0.40 (0.02) not used 1.16 (0.09) not used 0.09 (0.25) NA 
acetone (!lg/L) ND ND ND NA NA NA 79.5 1460 

ND ND ND NA NA NA 
tert-butyl alcohol (!lg/L) ND ND ND NA NA NA <5.0 6120 

ND ND ND NA NA NA 
isopropanol (!lg/L) 85(J) (3.64) 43(J) (0.37) 27(J) (11.4) NA NA NA 212 862 

85(J) (3.64) not used 27(J) (2.16) NA NA NA 
ethanol (!lg/L) 59(J) (2.53) 58(J) (0.49) ND NA NA NA <1.00 7.49 

59(J) (2.53) not used ND NA NA NA 
benzene (!lg/L) ND ND ND NA NA NA <0.50 246 

ND ND ND NA NA NA 
toluene (!lg/L) ND ND ND NA NA NA <0.50 677 

ND ND ND NA NA NA 
ethylbenzene (!lg!L) ND ND ND NA NA NA <0.50 101 

ND ND ND NA NA NA 
xylenes (!lg/L) ND ND ND NA NA NA <0.50 1063 

ND ND ND NA NA NA 
trimethylbenzenes (!lg/L) ND ND ND NA NA NA <1.00 265 

ND ND ND NA NA NA 
naphthalene ND 2.00 (0.02) ND NA NA NA <1.00 7.2 

ND not used ND NA NA NA 
ethylene glycol (!lg/L) ND ND ND NA NA NA <5000 < 000 

ND ND ND NA NA NA 
diethylene glycol (!lg/L) ND ND ND NA NA NA 60.0 1610 

ND ND ND NA NA NA 
4 ~1. ND - not detected 
453 NA- not analyzed 
454 J- estimated (below the level of quantification) 

455 EPA stored samples of products used for drilling in glass mason jars, transported products with a 

456 chain of custody form by vehicle to its Office of Research and Development (ORD) laboratory in Ada, 

457 OK, and archived products in a refrigerator at 4°C prior to extraction with water. Analysis for organic 

458 compounds were not conducted on water extracts of Quik Gel and Quik-Trol Gold due to the gel nature of 

459 extracts and concern of analytical equipment damage. The dissolved organic carbon of soda ash was only 
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0.58 mg/L and based on MSDS, was not expected to be a source of organic compounds. EPA's analysis 

of extracts is noteworthy in that we could find no other published studies in which an organization 

collected and analyzed samples of products used for drilling mud during installation of monitoring wens. 

With the exception of soda ash, the pH of extracts were well below that maximum pH levels 

(~ 12) observed in MWOl and MW02. Dense Soda Ash was not used at MW02. Alkalinity of soda ash is 

dominated by carbonate not hydroxide as observed inMWOl. The pH of drilling mud in which soda ash 

was mixed in MWO 1 varied between 8 and 9 standard wits. Thus, additives had no effect on pH 

measurements at monitoring wells. 

To estimate expected concentrations of compounds in additives in water used for drilling mud, 

we normalized aqueous extraction concentrations by a normalization factor defined by 

7\r 
1
. . 

17 
mass ratio in water used for drilling mud or well development lVOrma zzatwn ractor = ___________ ...:...._ ___ ____::. ________ ____;::....._ __ 

mass ratio in aqueous extract 

For instance, the mass ratio of the water extract of Aqua-Clear PFD was 1 :20 while use in water used for 

well development was 1:467 resulting in a normalization factor of 1/20 divided by 1/467 or 23.4. Results 

are provided in Table SI El. 

At MW02, Boart-Longyear used 21 sacks or 1,050 pounds ofQuik-Gel for drilling. The initial 

mass of bentonite used at MWOl was not provided in the logs. However, it is expected to be similar given 

that the target depth (almost 305m or 1,000 feet) was the same at both wells. A log entry on 6/11/10 at 

10:20 from MW02 indicates that 17,000 L (4,500 gallons) of water was used to mix mud for drilling at 

this well. The volume of water used to mix mud at MWOl was not specified in the drilling logs. However, 

both wells were drilled to the same depth under the same subsurface conditions so the volume of water 

used at MWO 1 would be expected to be similar to that used at MW02. 

Concentrations of potassium in monitoring wells were well below concentrations and normalized 

concentrations in extracts. The extract and normalized concentration of chloride in Aqua-Clear PFD was 

lower and far lower than detected in MW02. During the Phase V sampling event, acrylamide was added 

to the target list of analytes and was not detected ( < 10 11g/L )33 indicating that any compounds associated 

with Aqua-Clear PFD were removed during well development. With the exception of naphthalene 

detected at 2.0 11g/L in a Penetrol extract (normalized concentrationof0.02 11g/L in MWOl), petroleum 

hydrocarbons were not detected in extracts. The maximum concentrations and normalized concentration 

of isopropanol in extracts 85 was 11.4 11g/L, respectively compared to 212 and 862 11g/L at MWO 1 and 
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489 MW02, respectively. BTEX compounds (benzene, toluene, ethylbenzene, and xylenes) were not detected 

490 in extracts but were detected at MW02. 

491 EPA collected composite samples of cuttings and sent them with a chain of custody form to 

492 TestAmerica Laboratories in Denver, Colorado for Toxic Characteristic Leaching Procedure (TCLP). 

493 Samples were analyzed for TCLP volatile organic compounds using gas chromatography-mass 

494 spectrometry (GC-MS) in accordance with EPA SW-846 Methods 1311/8260B, for TCLP semivolatile 

495 organic compounds (GC-MS) in accordance with EPA SW-846 Methods 1311/8270C, for TCLP metals 

496 in accordance with EPA SW-846 Methods 1311/6010B, and for TCLP mercury in accordance with EPA 

497 SW-846 Methods 1311/7470A. Acetone, toluene, and m & p-xylene were detected in one sample at 6.9, 

498 0.63, and 1.0 11g/L, respectively, concentrations far lower than that detected in MW02. Considering all 

499 these factors, it is unlikely that additives used ror drilling mud impacted sample results in MWOl and 

500 MW02. 

501 Boart-Longyear used thread and couple Hyundai HYSCO ASTM A53A-E steel pipe for well 

502 casing at both MWOl and MW02. A 6.1 m (20ft) stainless-steel pre-packed screen was attached to casing 

503 via flush threads. EPA specified the use of metal casing to ensure sufficient tensile strength, especially at 

504 joints during well placement. The tensile strength of steel and stainless-steel joints is over an order of 

505 magnitude greater than polyvinyl chloride (PVC) joints. The WYDEQ (Well Construction Standards, 

506 Chapter 11, Part G) explicitly allows for the use of ASTM A53 steel casing for well construction. 

507 Materials used for well casing and screens can impart both negative and positive bias in detection 

508 and quantification of target analytes. Steel is an alloy consisting primarily of iron (Fe). The maximun 

509 allowable concentrations of manganese (Mn), copper(Cu), nickel (Ni), chromium (Cr), molybdenum 

510 (Mo), and vanadium (V) in ASTM A53A-E38
, steel pipe are 0.95, 0.40, 0.40, 0.15, and 0.08% by weight, 

511 respectively. Houghton and Berge~9 noted a slight enrichment of Fe and Mn in water from wells 

512 constructed of steel compared to wells constructed from PVC and acrylonitrile-butadiene-styrene (ABS). 

513 Interaction can also occur with stainless steel. Hewitt40 conducted static and dynamic (flushing) 

514 experiments on PVC, PTFE, stainless steel-SS-304 (SS-304), and stainless steel-316 (SS-316) casing 

515 materials in glass cylinders containing well waterwith low dissolved oxygen (DO)(< 0.5 mg/L) and 

516 observed corrosion of both SS-304 and SS-316 during testing (pH 7.6- 7.8). Low concentrations ofCu, 

517 Cr, and Ni leached from both virgin SS-304 and SS-316. However, leaching ofCr and Ni increased 

518 significantly with corrosion. Hewitt40 observed that concentrations of cadmium ( Cd), Fe, and lead (Pb) 

519 decreased indicating sorption to casing. Hewitt40 stated that reduction of Fe was consistent with 
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520 precipitation ofFe(OH)2 and that iron oxides provided active exchange sites for sorption of these 

521 elements. 

522 In an EPA report, Aller et al.41 state that potentially corrosive conditions exist for steel in ground 

523 water having low pH(< 7) and elevated DO(> 2 mg/L), hydrogen sulfide (H2S) (> 1 mg/L), TDS (> 1000 

524 mg/L), C02 (>50 mg/L), and Cl (> 500 mg/L) and that use of steel is not considered prudent in most 

525 natural geochemical environments. Purged water from MWO 1 and MW02 was largely devoid of dissolved 

526 oxygen during Phase III, IV, and V sampling events with a pH level in excess of 11 standard units. 

527 In its Draft RCRA Ground-Water Monitoring Guidance, EPA 42 states that use of carbon steel, 

528 low-carbon steel, and galvanized steel is not recommended for monitoring well construction in most 

529 natural geochemical environments and use of Type 304 and Type 316 stainless steel is unsuitable for use 

530 when monitoring for inorganic constituents. In an EPA Issue Paper, Pohlmann and Alduino43 state that 

531 when corrosion is a concern, use of stainless-steel casing is not appropriate. In another EPA Issue Paper, 

532 Llopis44 states that if samples are to be analyzed for metals, metal casing of any type should not be used. 

533 Thus, when installing monitoring wells to sample both metals and organic compounds, there are no 

534 regulatory guidelines on materials for well casing. 

535 During the week of April 30th, 2012 (after cessation of Phase V sampling), a drilling crew from 

536 USGS removed the 3 HP submersible pump in MW02, examined the casing and screen with an optical 

537 televiewer, and attempted to redevelop the well. The optical televiewer indicated that the screen and 

538 casing was intact. During re-development, sediment was removed from the base of the screen. Four sub-

539 samples of the material were sent to Gulf Coast Accutest Laboratories for analysis of metals with the 

540 following range of results: aluminum (1950-2720 mg!kg), antimony (2.5-3.4 mg/kg), arsenic (3.3-10 

541 mg/kg), cadmium (<0.26-2.1 mg/kg), chromium (79.9-108 mg/kg), copper (168-719 mg/kg), lead (16.2-

542 56.3 mg/kg), nickel (49.4-64.9 mg/kg), selenium (<0.26 mg/kg), and titanium (52.2-80.5 mg/kg). Results 

543 of metals analysis indicated that this sediment was either scrapings from steel pipe or a combination of 

544 scrapings from steel pipe and corrosion material removed from steel casing during development and re-

545 development activities. During the Phase V sampling event, dissolved concentrations of Cd, Pb, Fe, Mn, 

546 Cu, Ni, Cr, Mo, and Vat MWOl and MW02 were less than reporting limits at 1.0, 1.0, 67, 14.0, 2.0, 1.0, 

547 2.0, 17, and 10 11g/L, respectively. Hence, the use of metal casing and presumed corrosion in areas of 

548 swabbing did not impart a positive bias on sample results for metals at MWOl and MW02. 

549 However, corrosion can impact measured pH. Marsh and Lloyd45 attributed elevation of pH in 

550 steel casing to corrosion and precipitation reactions mediated by carbonic acid and hydrogen sulfide. In 

551 both reactions, hydrogen ion is consumed and hydrogen gas is produced. During purging of capped 
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552 artesian monitoring wells, Marsh and Lloyd45 observed that pH decreased abruptly (e.g., pH 8.8 to pH 

553 7.2) after a short period of time in wells where water flowed through the entire length of casing to the 

554 surface. However, there was little variation in pH in monitoring wells having sampling tubes placed 

555 within screened intervals. In contrast to observations by Marsh and Lloyd45
, pH reduction in MWOl 

556 during purging was gradual with the trend of pH reduction unrelated to removal of stored casing water. 

557 Thus, corrosion was not a causative factor of elevated pH at MWOl and MW02. 

558 Black steel ASTM A53 pipe has a lacquered outside finish as opposed to a bare or galvanized 

559 finish. Manufactures coat the outside of steel pipe with a black paint to prevent rust and corrosion. 

560 However, sampled water does not come in contact with the exterior of well casing. Photographs (DiGiulio 

561 et al.27
) of casing indicate no apparent mill varnish or visual signs of oil and grease prior to or after casing 

562 decontamination procedures. Thus, it is unlikely that black varnish on the exterior of metal casing was 

563 responsible for detection of organic compounds in MWOl and MW02. Also, a non-hydrocarbon based 

564 pipe dope (Jet Lube W ellGuard) was used on well casing joints. 

565 During conventional monitoring well construction, a bentonite slurry seal is typically placed on 

566 top of a primary or secondary filter or sand pack 1o limit the downward movement of a cement-based 

567 grout (ASTM46
, EPA 42

). As documented in the draft47 and final48 workplans for well installation, this 

568 method of well completion was planned for both MWOl and MW02. However, as documented in field 

569 logs, during drilling, Shaw and Boart-Longyear advised EPA against the use of a conventional screen and 

5 70 sand pack for well completion at MWO l and MW02 due potential difficulty in sand pack placement 

571 (displacement ofhigh density drilling mud with sand) and well development (removal of mud from sand 

572 pack). Shaw and Boart-Longyear recommended the use of pre-packed screens and cement baskets (filled 

5 73 with sand at the surface) in lieu of conventional screens and sand packs. EPA concurred with this 

574 approach for well completion. 

575 An additional reason for not utilizing a bentonite slurry as a sealing agent is the presence of 

576 localized upward hydraulic gradients. Localized artesian conditions are documented in the Wind River 

577 Formation26
, was present in a domestic well during the Phase Il sampling event27

, and was observed at 4 

578 production wells during Bradenhead testing conducted by Encana in 2012. Under artesian conditions the 

579 bentonite does not have the solids content found in a cement-bentonite grout and will not settle where a 

580 strong uplift is present49
•
50

. Under these conditions, pumped bentonite grout never sets up to anything 

581 more than thick paste51
. In addition, a bentonite grout backfill would not have been volumetrically stable 

582 with overlying cement application since the specifiC gravity of cement grout was greater than that ofthe 

78 

2016-009474-00331 



583 bentonite slurry. A cement-based grout has the widest regulatory acceptance and is the most commonly 

584 used to seal the annular space of deep wells46 such as MWOl and MW02. 

585 Cement baskets with blue metal "fins" and a rubber or synthetic liner were threaded to stainless-

586 steel casing containing the stainless-steel pre-packed screens. The joint attaching stainless-steel casing to 

587 stainless-steel screen was reinforced with spot welding to increase the structural integrity of the joint. This 

588 was necessary to properly position the screen into the borehole prior to descent to target depth. McKay 

589 electrodes were used for welding. The MSDS for this product did not indicate the presence of organic 

590 compounds. 

591 The composition of the cured (not applied in the field) blue paint on metal springs and rubber 

592 liner were not specified by EPA. Organic compounds in cured paint exist in cross-linked polymer matrix 

593 and generally considered resistant to leaching"2
. However, little is published on leaching of organic 

594 compounds from cured paint. Alben et al.53 studied leaching of organic contaminants from epoxy-coated 

595 flat steel panels, with emphasis on the rate oflea:hate production and leachate composition. Methyl 

596 isobutyl ketone (MIBK), o-, m-, and p-xylene represented a major portion (51%) of leachate from the 

597 epoxy coating. These findings were supported by field studies indicating the presence ofMIBK and 

598 xylenes in water from the effluent from 2 of 3 stomge tanks that were monitored one month after 

599 application of an epoxy coating"3
. The extent ofleaching of organic contaminants from epoxy resin 

600 linings was found to be strongly dependent on the duration of the curing process with longer curing 

601 periods producing more stable linings. 

602 It is unlikely that blue paint on cement baskets was a causative factor for detection of 2-

603 butoxyethanol and other organic compounds detected in MWO 1 and MW02 because of the following 

604 reasons. ( 1) MIBK and xylenes were not detected in MWO 1. (2) There was a low surface area for aqueous 

605 exposure (<0.05 m2
), a low retention time in the screened interval during sampling especially at MWOl 

606 (20 minutes) during phase IV and phase V sampling events, and a large number of number of screen 

607 exchanges prior to sampling (especially at MWOl prior to the Phase V sampling event with> 200 

608 exchanges). 

609 High pH levels ( ~ 12) were observed during purging and sampling at MWO 1 and MW02 during 

610 Phase III, IV and V sampling events. Daily logs do not indicate that the tremie pipe for cement placerrent 

611 was placed directly through cement baskets or that cement was pumped directly into screened intervals at 

612 MWOl and MW02. At MWOl, circulation was lost on 7/26/10 while drilling through a sandstone unit 

613 from 655 to 725 feet bgs and as shown on an electric log and borehole log descriptions. The caliper log 
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614 indicates that a washout occurred at 715 feet bgs. Thus, some cement likely intruded into the formation 

615 above the screened interval at 765-785 ft bgs. 

616 At MW01 and MW02, cement was pumped to target depths using a tremie pipe and placed in lifts 

617 to avoid buildup of pressure above the basket potentially causing basket collapse. At MW01, sand was 

618 added to the sand basket prior to setting the casing and screen in the borehole. The screen was 

619 subsequently hung and a cement plug was placed from 228.0-233.2 m (748-765 ft) bgs on 8/5/10 and left 

620 to set up overnight. The cement was tagged at 748 feet. Cement placement resumed the following day 

621 with 14 yd3 of Portland cement on top of the set plug. 

622 At MW02, more cement, approximately 76-189 L (20 -50 gallons) was utilized than expected 

623 when grouting above the cement basket. Based on a review of daily logs, the most likely explanation for 

624 this discrepancy is that the screened interval placement at MW02 was lower than reported by the driller or 

625 subcontractor. During the week of April 30th, 2012, a drilling crew from USGS removed the submersible 

626 pump in MW02, examined the casing and screen with an optical televiewer, and attempted to redevelop 

627 MW02. A member of the crew stated that tagging tape indicated that the base of the screen ofMW02 was 

628 at 989.5 ft not 980.0 ft bgs as expected. This measurement was checked a second time and the 

629 measurement tape was checked for accuracy. If the screen interval was in fact 9.5 ft lower than indicaed 

630 on the driller's logs, then additional cement would have been necessary to reach the top of the cement 

631 basket overlying the screen. Threads on casing collars were visible at all joints located above the water 

632 table surface (e.g., pieces of pipe are not threaded flush at their ends). Neither cement nor mud was visible 

633 in the joints. An extra one to two inches at each couple would result in the well screen placed 4 - 8 feet 

634 deeper than expected or close to 9.5 ft as observed Given a borehole diameter of9.9 inches, 30 and 50 

635 gallons of cement is equivalent to approximately 95 and 15.9linear feet of cement which is close to 10.5 

636 linear feet of distance between tagged cement at 958ft and the top of the screened interval at 968.5 ft bgs. 

637 E.2 Purging at MW02 

638 MW02 is a low flow monitoring well. During the Phase III, IV, and V sampling events, purging 

639 at MW02 was repeatedly interrupted by pump cavitation. Low flow may be due to low relative aqueous 

640 permeability due to gas flow or insufficient removal of drilling mud during well development. In May 

641 2012, USGS unsuccessfully attempted to redevelop MW02 via swabbing54
. 

642 During the Phase V sampling event, pre- and post-purge samples were collected at MW02 to 

643 assess potential reduction in dissolved gas and VOC concentrations due to gas flow in casing5
•
56

. MW02 

644 was repeatedly purged over a 6 day period (Figure SI E3) to remove one borehole volume (2000 L) of 
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645 water and subsequently sampled when sufficient water was present to support analysis per EPA 

646 'd 1' 42 57 gm e mes · . 

647 

(a) 

4/16/2012 
12:20 

(b) (c) (d) (e) (f) 

4/20/2012 
8:0S 

(g) 

4/20/2012 
13:59 

(h} 

4/22/2012 
15:43 

4/22/2012 
16;09 

LEGEND 

• Initial stored water in submersible pump casing 

r::::J Stored casing water 

• Initial stored water at bottom of well casing 

D Mixed formation/casing water 

648 Figure SI E3. Illustration of purging and sampling sequence (date and times provided) at MW02 for Phase V 
649 sampling event. Vertical scale reflects relative lengths of screen, casing, and water levels: (a) Pre-purge condition. 
650 Dark gray color denotes water stored in submersible pump casing remaining from the Phase IV sampling event. 
651 Mustard colored water denotes water in casing from recovery following the Phase IV sampling event and targeted 
652 for removal during the first sample set. Light gray colored water denotes stored casing water from recovery during 
653 Phase III and IV sampling events. (b) Water is removed (170L or 45 gal) from the submersible pump casing, 
654 replaced with water from above the pump inlet, and sampled. (c) Water above pump inlet is removed (964 Lor 255 
655 gal). (d) Recovery occurs (132 Lor 35 gallons). Light blue color indicates mixing of water initially present in the 
656 screened interval with incoming formation water. (e) Water above pump inlet removed ( 491 L or 130 gal) from 
657 casing. (f) Recovery occurs (167 Lor 44 gallons) with further mixing of water in the screened interval. (g) Water 
658 above pump inlet removed (215 Lor 57 gal). (h) Recovery occurs (189 Lor 50 gal) with further mixing of water in 
659 the screened interval. (i) Water in submersible pump casing is removed (165 Lor 45 gal) and replaced with mixed 
660 casing/formation water. G) Mixed casing/formation water is sampled. Total volume of water removed during the 
661 Phase V sampling event prior to collection of the second sample was 2011 Lor 532 gal equivalent to 1.04 borehole 
662 volumes. 
663 
664 USGS58 has a "rule of thumb" recommendation to avoid sampling a well that has not recovered to 

665 within 90% of its static water level within a 24-hour period and has had less than one borehole volume of 

666 water removed during purging. Based on non-achievement of the former criteria, USGS elected not to 

667 physically participate in sampling MW0254
. Instead, EPA collected samples at MW02 and provided them 

668 to USGS for analyses at a commerciallaboratorf9 similar to MWOl60
. Recovery occurs more rapidly in a 
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669 low yield well having a low blank casing to screened interval ratio typical of shallow wells. MW02 

670 consisted almost entirely of blank casing. Recovery to 90% of static water level required recovery of202 

671 m of water level rise in a 24-hour period. 

672 E.3 Purging and Wellbore Model Development at MWOJ 

673 In the commonly used "well volume' approach to purging, three casing volumes are typically 

674 removed prior to sampling8
. It is assumed that water in blank casing is uniformly removed during 

675 purging prior to sampling. However, little or no mixing of water in blank well casing actually occurs 

676 above a pump inlet upon stabilization of drawdown61
•
62

. Placement of a submersible pump inlet directly 

677 above a screened interval, as was done at both MWOl and MW02 (Figures SI El and SI E2), minimizes 

678 collection of purge water requiring disposal and takes advantage of flow mechanics to ensure minimal or 

679 no contact with blank well casing during sample collection. 

680 EPA63 used a wellbore plug flow model based on flow rate and drawdown to evaluate percent 

681 collection of casing and formation water as a function of purge volume and time at MWO 1. To evaluate 

682 removal of dissolved solids in well casing and better evaluate collection of formation water as a function 

683 of purge volume, we modified EPA's approach to include mixing in a screened interval. Mixing in a well 

684 screen causes a slower transition from casing water to formation water than would occur from plug flow 

685 alone. 

686 Prior to commencement of purging, we assume that the concentration of a solute in a screened 

687 interval, pre-packed screen, and annular space between the pre-packed screen and borehole wall has an 

688 initial vertically integrated initial concentration (Co) and water in blank casing above the screened interval 

689 has an initial vertically integrated initial solute concentration (Cc) (Figure SI E4a). Depending upon 

690 variation between Co and Cc, differentiation of screen and casing concentrations results in complex 

691 hypothetical concentration profiles in the sampling train at the start of purging which dissipate rapidly 

692 upon removal of one casing or borehole volume (simulations not illustrated). 
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{a) (b) (c) {d) 

LEGEND 

EJ Stored casing water 

EJ Mixed formation/casing water 

Formation water 

693 
694 Figure SI E4. Plug flow- screen mixing model to support evaluation of purging: (a) Prior to purging, the 
695 concentration of a solute in the screened interval (and surrounding borehole) and overlying casing is equal to an 
696 initial value C0 and a constant concentration Cc respectively. (b) During drawdown at commencement of purging, 
697 both downward and upward plug flow is assumed in casing above and below a pump inlet, respectively. Radial flow 
698 occurs from the surrounding formation with subsequent mixing of formation water and water initially in the 
699 borehole and screen. (c) As drawdown stabilizes, all ofthe water entering the pump inlet is directly from the 
700 formation. (d) Water level recovery is allowed to occur to ensure that all water entering the inlet is directly from the 
701 formation in the event of slight water level perturbation during pumping. 
702 
703 At the commencement of purging, water is removed from submersible pump casing. Combined 

704 downward and upward flow occurs in blank casing above and below the pump inlet respectively (Figure 

705 SI E4b) as drawdown occurs in the well. We assume that water in submersible pump and well casing 

706 undergoes unmixed plug flow. In the screened interval, radial flow occurs from the surrounding formation 

707 and mixes with water initially in the borehole and screen. The mass balance mixing model in the screened 

708 interval used is similar to that used by othenf4
• This mixed water then undergoes upward flow in the 

709 casing to the pump inlet (Figure SI E4b ). As draw down stabilizes, all of the water entering the pump illet 

710 is from the formation (Figure SI E4c). Sampling then occurs after water level recovery (Figure SI E4d)to 

711 ensure that all water entering the inlet and flowing to the sampling train is directly from the formation in 

712 the event of a slight change in pumping rate due to pump operation. Without allowing for some level of 

713 recovery above the pump inlet, a slight and unintentional increase in pumping rate could cause a small but 

714 measureable increase in drawdown and again induce some degree of mixing between formation and 

715 casing water. This procedure was followed by EPA atMWOl during all sampling events. 
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716 

717 

718 
719 
720 
721 
722 
723 
724 
725 
726 
727 
728 
729 

730 

731 

732 

733 

734 
735 

736 

737 
738 
739 
740 
741 

Model development is summarized as follows. Casing volume (Vc) [U] is defined as: 

Lwc =length of water column in well (depth to base o 
Lpc = length of submerged pump casing (depth to top o 
Lpc• = length of submersible pump casing to the surfac 
LTL = length of submerged tag line (depth of tag line 
Lsp = length of submersible pump [L] 

f screen - depth to static water leve 1) [L] 
f pump - static water level) [L] 

e (static water level) [L] 
- static water level) [L] 

Dm.wc =inside diameter of well and screen casing (em) [L] 
DoD-Pc = outside diameter of submersible pump casing [L] 
Dm.pc = inside diameter of submersible pump casing [L] 
DoD-TL =outside diameter of tag line [L] 
Dm.TL =inside diameter of tag line [L] 
DsP = diameter of submersible pump [L] 
B = Dimensional constant (units of length and volu me are in em and liters respectively, B = 1000). 

The term Lwc Din-we accounts for water storage in casing, including the screened interval, 

without modification for internal components. The term Lpc ( D~n-Pc - Din-Pc) accounts for the volume of 

submerged submersible pump casing material. The term Lsp D~n -sP accounts for the volume of the 

submersible pump. The term Lpc *D in-Pc accounts for water storage in the submersible pump casing 

above the static water level. Valves within submersible pump casing allowed water in casing to extend to 
land surface. Borehole volume VB [U] is defined as: 

Lss = length of stainless-steel pre-packed screen [L] 
DoD-we = outside diameter of steel well casing [L] 
DoD-PP = outside diameter of pre-packed screen [L] 
DBH =diameter of borehole [L] 

= effective porosity of pre-packed screen (assume d 0.4). 

742 The term ~Iss (D~D-PP- D~n-wc) accounts for water storage in the pre-packed screen The term 

743 L55 (D~H - D~D-PP) accounts for water storage in the annular space between the pre-packed screen and 

7 44 borehole wall. During draw down, the relative concentration of a solute entering a sampling train at tre 
7 45 surface can be expressed by: 

746 

747 CP =concentration exiting the submersible pump casi ng at the surface at time increment i [ML3
) 

748 CF =constant concentration in formation [ML -3) 

7 49 Cc = constant storage water casing concentration [ML -3) 
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750 
751 
752 
753 
754 
755 

756 

757 
758 
759 

CBP = concentration entering pump inlet at time incre 
QBP = flow of water to the pump from beneath the inle 
QAP = flow of water to the pump from above the inlet 
QT = Q AP +QBP at time increment i [UTI]. 

ment i [ML-3
] 

tat time increment i [UTI] 
at time increment i [UTI] 

At the start of purging, all water originates from storage in submersible pump casing. Thus, when 

V; =cumulative volume of water extracted water volu 
Vpc =volume of water in submersible casing [L 3

]. 

me at time i [U] 

760 At the start of purging, the initial concentration of solute below the pump inlet and above the 
761 screened interval is equivalent to Cc but transitions to water from the screened interval over time. Thus, 
762 when 

763 

764 and 

765 

766 

767 
768 
769 
770 
771 
772 
773 

774 

775 

776 

777 

778 

779 

780 

~(BP) > Vsp, 

Vi(BP) =fl. Vi(BP) +fl. Vi-l(BP) 

Vsp =volume of water initially stored between the pu mp inlet and screened interval 
V;(BP) =cumulative volume of water removed from below t he pump inlet at time increment i 
Cs =concentration exiting the screened interval at time increment i [ML-3

]. 

The cumulative volume of water extracted below the pump at time increment i is calculated by adding tre 
cumulative volume of water extracted below the pump at time increment i-1 to the change in extracted 
volume below the pump which is calculated by 

and 

The fraction of water originating below the pump to total water extracted is calculated by: 

and 
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781 

782 

Di = total draw down at time i [L] 
l Di* = the change in draw down at time i if all water du ring draw down comes from above the pump. 

783 

784 
785 
786 
787 
788 

Ac =volume per length of casing associated with dra wdown [U] (7.12 liters/m drawdown at MWOl) 
LCD = characteristic draw down length [L] (1 m at MWO 1 ). 

789 During recovery, 

790 

791 
792 

The concentration of solute in water exiting the screened interval then is calculated using a mass balance 
mixing equation: 

793 

794 
795 

Since QBP is a function of time (calculated in increments using drawdown and flow data), Cs/CF varies in 
increments of time 

796 

797 

798 

799 

.. Cs - - .... Cs - ( ) 
=1-, 1-_-C _ :_:exp -llai 

-cF ,. F 
i-1 

where 

800 l-1 =cumulative screen volume exchanges at time incr ement i. 
801 Vs =screen volume (casing+ porosity of pre-packed screen+ annular space between pre-packed 
802 screen and borehole wall). 
803 
804 At time 0, Cs equals initial concentration (G). V sis a constant calculated by: 

1t 2 
Vs =VB- Vc +-LssDID-wc 

805 4B 

806 Input parameters to support modeling are summarized in Table SI El. 
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807 Table SI E2. Well design and input parameters for calculation of casing, borehole, and screen exchange volumes 
808 during Phase V sampling event 

L4beF > ·•. ·. 
. ·· . .. MWOl MW02' .. ···· ..•.•... . . .. ' ·.· .. 

····· .. · ... ... ..... . ...... m·· ··•····· f. liters .. · ·nt .· liters· 
Depth below ground surface to static head 62.2 60.5 
Depth below ground surface to base of screen 239.3 298.7 
Length of submersible pump (Lsp) 0.635 0.635 
Depth of base of submersible pump 232.7 297.2 
Depth of top of submersible pump casing 232.1 296.6 
Depth of schedule 80 PVC tag line 232.1 296.6 
Length of water column in well (Lwc) 177.1 238.2 
Length of water in submerged pump casing (LPc) 232.1 296.6 
Length of submerged tag line (LTL) 169.9 236.0 
Length of stainless-steel pre-packed screen (Lss) 6.10 6.10 
Inside diameter of schedule 40 steel well casing (IDwc) 0.102 0.102 
Outside diameter of schedule-40 steel well casing (ODwc) 0 114 0.114 
Outside diameter of submersible pump casing (ODPc) 0.034 0.034 
Inside diameter of submersible pump casing (IDPc) 0.027 0.027 
Outside diameter of schedule 80 PVC tag line (ODTL) 0.033 0.033 
Inside diameter of schedule 80 PVC tag line (IDTL) 0.024 0.024 
Outside diameter of submersible pump (ODsP) 0.089 0.089 
Diameter of borehole (DBH) 0.251 0.251 
Outside diameter of pre-packed screen (ODPP) 0.216 0.216 
Effective porosity of pre-packed screen (<J>) = 0.45 
Length from Bottom of Pump to top of Screen (LPs) 0.457 0.0 
Well casing volume (Vc) 1358 1792 
Borehole volume (VB) 1504 1942 
Screen plus borehole volume (V s) 200.6 196.8 
Volume above screen and below pump (V sP) 3.76 0.0 
Liters per meter of drawdown (Ac) 6.45 6.45 
Volume of water in submersible pump casing (Vpc) 129 165 
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810 
811 
812 
813 

E.4 Summary of Sample Results at MWO 1 and MW02 

Table SI E3a. Summary of Organic Compound Detections in MWO 1 
TargetOI-ganic:C<~~pound& RPA EPA USGS .. · 

•· •···. , . > ····· Phase til Phase J'V Phasll V .. 

Borehole Volumes 
dissolved organic carbon (mg;L) 
diesel range organics (f.lg/l) 
gasoline range organics (f1g;L) 
benzene (~giL) 

toluene (~giL) 

mo-p-xylene (~giL) 

o-xylene (~giL) 

ethylbenzene (~gil) 

isopropylbenzene (t.tgi~) 
n-butylbenzene (~gil) 
sec-butylbenzene (~g;l) 
tert-butylbenzene (t.tg/l) 
n-propylbenzene (~g;1_) 
p-isopropyltoluene (~g;1_) 

styrene (~gil) 
1,3,5-trimethylbenzene (~gil) 

1,2,4-trimethylbenzene (~g;l) 

1,2,3-trimethylbenzene (~g;l) 
naphthalene (~g/L) 

1-methylnapthalene (~g/L) 
2-methylnapthalene (~g/L) 
phenol (~gil) 
2-methylphenol (~g,1_) 
3&4-methylphenol (~g;1_) 
2,4-dimethylphenol (~g;l) 

isopropanol (~g;l) 
n-propanol (~g;1_) 
methanol (~g,1_) 

ethanol (~g;l) 
tertbutyl alcohol (~g;l) 
acetone (~g;l) 

2-butanone (~g;l) 
4-methyl-2-pentanone (~g/L) 
benzoic acid (t.tgi~) 
ethylene glycol (~g/L) 
propylene glycol (~g;l) 
diethylene glycol (~g;1_) 
triethylene glycol (~g,1_) 

tetraethylene glycol (~gil) 
2-butoxyethanol (~g;l) 

ethyl ether (~gil) 
nonylphenol (~gil) 
octy1phenol (~g;l) 
acrylamide (~gil) 
lactate (~g,1_) 
formate (~g;l) 
acetate (~giL) 
propionate (~g;l) 
adamantine (~gil) 
1,3-dimethyl adamantine (~g;l) 
methylene blue active substances (mg/l) 

03 

<2.5R8 

0.75R8 

<2.5R8 

<2.5R8 

<2.5R8 

<2.5R8 
<2.5R8 
<2.5R8 
<2.5R8 
<2.5R8 

<2.5R8 
<2.5R8 

<2.5R8 

NA 
<2.5R8 

<0.1QRS 
<0.1QR8 
1Q.7R8 
<0.1QRS 

<0.1QR8 

NA 
NA 
NA 

NA 
NA 
NA 

NA 
NA 
212RS 

NA 
NA 
NA 
NA 
NA 
<0.25R8 

<0.25R8 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
<2.5R8 
<2.5R8 

NA 

9.43° 

<O.sos 
<0.25(J-)R8 
0 59(B)s 
<0.56(J-)RS 
0.49(J)S 
0.89(B,J-)R8 

0 38(1) 5 

<0.25(J-)R8 

0.21(1) 5 

<0.25(J-)R8 

<0.25(J-)R8 

<0.25(J-)R8 

<0.25(J-)R8 
<0.25(J-)R8 

<0.25(J-)R8 

<0.25(J-)R8 
<0.25(J-)RS 
0 38(J)s 
<0.25(J-)RS 

0.49(J)s 
<0.25(J-)R8 
0.33(J)S 
<l.Os 
<0.25(J-)R8 
<0.5QRS 
<0.5QRS 

<O.SQRS 

<O.SQRS 
2l2s 

NA 

NA 
<5.0 5 

79.5(J-)R8 

<0.50(J-)R8 
2.6(J-)R8 
457(J)R8 

NA 
NA 
226(JT)R3 

46(J-)RJ 
7.3 (J-,B)R3 
<l0(J-)R3 
12.7R8 
<0.25(J-)R8 

NA 
NA 
NA 
69(J)s 
1125 

80505 

309s 
<0.25(J-)R8 

<0.25(J-)R8 

NA 

NA 
180(1) Tf190(J)T 
700(J+ )Tf760(J+ )T 

<0.34T/<0.34T 

<0.19Tf<0.19T 

<0.2QTi<0.2QT 

NA 

0.0096(J)T/O.Ol(W 
O.OllO(J)T/O.Dl l(J)T 
IO(J)T!l ]T 

<0.61 (J-JT /<0.62(J-)T 
<l3(J-jT/<l3(J-)T 

NA 
NA 

NA 

340(JT )Tf360(J+)T 
<863QT/<863QT 
<187QQT/<187QQT 

NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

"'•RPA 
fha:s!lV 
04124 
L6 
NA 
sssRs 

<O.sos 

<0.505 

<0.505 

<0.505 

<0.505 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
<1.005 

<1.005 

<1.005 

<1.005 

<1.00R8 

<1.00R8 

<1.00R8 

9.65R8 
<2.00RS 
<5.0QRS 
<2.0QRS 

65 0(1)5 

<100 5 

NA 

NA 
<5.0 5 

<5.0 5 

NA 
NA 
735(J,D)R8 

NA 
NA 
60.0(J)R3 
l2.7(J-)R3 

<l0.0(J-)R3 

5.l(J-)R3 
<1.00Rs 

NA 
0.65(J-,B)L 
0 l6(J)L 
<0.2QL 

NA 
NA 
NA 
NA 
<1.00R8 

<1.00R8 

<0.2T 

ltPA 
PhaseV 
04.ll 
L8 

<O.sos 
<0.25R8/<0.25Rs 
<0.50 5/<0.sos 
<0.25R8/<0.25RS 
<0.505/<0.sos 
<l.OQR8/<l.OOR8 
<0.505/0.06(J)s 
<0.25R8/<0.25R8 

<0.505/<0.sos 
<0.2SR8/<0.2SR8 

<l.OOs/O.lS(J)s 
<0.2SR8/<0.2SR8 

<l.00 510.27(J)s 
<0.2SR8/<0.2SR8 

<I.oos/0.26(J)5 

<1.00 5/3.78 5 

<0.2SR8/<0.2SR8 

8.09(J+)"8/8.42RS 

<2.QQR8.f<2.QQR8 

69 8(J)s/692(J)5 

l.7(Jt)5/<l00s 
<SOOOA/<SOOOA 
863(Jt)5/83l (Jt) 5 

13.7 (Jt) 5/ <!00s 
<5.0 5 

<5.0 5 

. · 

<5 .0(C)R8f<5.0(C)R8 

l.39(J)/l.37(J) 
22l(D)"8/309(D)R8 

53 .9(J)R3f53 .9(J)R3 

ll.S(J-)R3/ll.6(J-)R3 

<1 O.O(J-)R3f< lO.O(J-)R3 
3.S(J-)R3f3 .O(J-)R3 
<l.OQR8/5.78R8 

0.60(J-,B)L/0.57(J-,B)L 
0.14(J)L/0.13(J)L 

<lOO(R)si<lOO(R)5 

<lOO(R)s/<lOO(R)5 

3420(D)515960(D)S 

EPA .. 
Phase.V 
041,2-2 

NA 
NA 

<O.sos 

<0.505 

<0.505 

<0.505 

<0.505 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
<1.005 

<1.005 

<1.005 

<1.005 

NA 
NA 
NA 
NA 
NA 
NA 
748(1)5 

<1005 

NA 

<1005 

<5.0 5 

<5.0 5 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

RPA 
l'haseV 
0412-3 
23 
NA 
NA 

<O.sos 

<0.505 

<0.505 

<0.505 

<0.505 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
<1.005 

<1.005 

<1.005 

<1.005 

NA 
NA 
NA 
NA 
NA 
NA 
768(1)5 

<1005 

NA 

<100 5 

<5.0 5 

<5.0 5 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

JPA 
t>hase.v 
o4U-5 

NA 
NA 
461RS 
<O.sos 

<0.505 

<0.505 

<0.505 

<0.505 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
<1.005 

<1.005 

<1.005 

<1.005 

NA 
NA 
NA 
NA 
NA 
NA 
82.2(1)5 

<1005 

NA 

<1005 

<5.0 5 

<5.0 5 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

ltPA 
Phase.y 
0412~7 
L6 
NA 

<O.sos 

<0.505 

<0.505 

<0.505 

<0.505 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
<1.005 

<1.005 

<1.005 

<1.005 

<1.00R8 

<1.00Rs 
<1.00Rs 
6.68R8 
<2.00RS 
<5.0QRS 
<2.0QRS 

626(1)5 

<1005 

NA 

<1005 

<5.0 5 

<5.0 5 

NA 
NA 
310(D)R8 

NA 
NA 
34.l(J)R3 
4.9(J-)R3 
<10.0 (J)R3 
l.5 (J-)R3 
3.49R8 

NA 
0.65(J,B)L 
0.10 (J)L 
<0.2QL 

NA 
NA 
NA 
NA 
<1.00Rs 
<1.00R8 

<0.2T 

EPA 
Pltase:Y 
0412'6 
2.7 

NA 
NA 

<O.sos 

<O.sos 

<O.sos 

<0.50 5 

<0.50 5 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
<1.00 5 

<1.00 5 

<1.00 5 

<1.00 5 

NA 
NA 
NA 
NA 
NA 
NA 
77.4(J)s 

NA 

<5.0 5 

<5.0 5 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

EPA 
PhaseV 
1)412~8 
2.9 
NA 
NA 

<O.sos 

<O.sos 

<O.sos 

<0.50 5 

<0.50 5 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
<1.00 5 

<1.00 5 

<1.00 5 

<1.00 5 

NA 
NA 
NA 
NA 
NA 
NA 
80.0(J)s 

NA 

<5.0 5 

<5.0 5 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

EPA ·•· l]SGS • .. ··· 
Phase V.· Phase V 
041~9 .• : • 
3.0 3.0 
NA NA 
NA 85(J)T/83(J)T 
4}QR8 73 O(J+ )T !71 O(J+ jT 
<O.sos 

<O.sos <0.17T/<0.17T 

<O.sos <0.34Ti<0.34T 

<0.50 5 

<0.50 5 

NA <0.19T/<0.19T 

NA 
NA <0.17T /<0.17T 
NA 
NA 
NA 
NA 
<1.00 5 NA 

<1.00 5 

<1.00 5 

<1.00 5 <0.22T/<0.22T 

NA 
NA 0.0072(J)Ti0.006(JJT 
NA 6.l(J)Ti6.6(J)T 
NA 
NA 047(J)Tf046(J)T 

NA <O.S9(J-)T!<O.S9(J-) T 

68.5(J)s < l3(J-jT/<l3(J-)T 
NA 

NA NA 

NA 
<5.0 5 

<5.0 5 

NA 
NA 
NA l90(J+ )T/200(J+ )T 
NA <863QT/<863QT 

NA <187QQT/<187QQT 
NA 
NA 
NA NA 
NA NA 

NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA 

EPA 
l'hllseV 
04l2-1.0 
33 
3.36° 

<O.sos 
<0.25R8 
<O.sos 
<0.25RS 
<O.sos 
<l.OQR8 

<0.50 5 

<0.25R8 

<0.50 5 

<0.25R8 
<0.25R8 
<0.25RS 
<0.25R8 
<0.25RS 
<0.25R8 
<0.25R8 
<0.25R8 

<1.00 5 

<0.25R8 

<1.00 5 

<0.25R8 

<1.00 5 

<1.00 5 

<0.2SR8 
<1.00R8 

<l.QQRS 

<2.QQR8 
<S.OQRS 
<2.QQR8 

69 3(J)s 

<100 
<SOOOA 

<100 5 

<5.0 5 

<5.0 5 

<5(C)R8 
<0.2SR8 

0.59 (J) 
237(D)R8 

26.4(J)R3 
2.9 (J-)R3 

<10.0 (J-)R3 
<S.O(J-)R3 
<l.QQRS 
<0.2SR8 

0.24(J-,B)L 
0.05l(J)L 
<0.2QL 

<lOO(R)5 

<lOO(R) 5 

60805 

0.084(1) 5 

<0.25RS 
<0.2SR8 
<0.2T 
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814 Table SI E3b Summary of Field Parameters Major Ions and Dissolved Metals at MWOl 
In<>:gl\jllcs ·. Ji;RA EPA 

'· 
USGS .EPA EPA EI'A ·.· EPA .· .. EPA EfA EPA EPA .... EPA ·.·· 'Y.SGS_ EPA 

Phase Pllas~ .. l'II!lse.V : PJiaseV Pliue V PliaseV Phas.,.:V Phas~V Plu1st\V Phas".V PhaseV PhilseV Phase:V 
. Ill .IV .·. 04124 ... 04U · .. 04l:k,'t .... 0412-3 04u~s 041.J..c7 04t2...6 04U4f 0412.:9 I 041:k,10 

Borehole Volumes 0.3 0.7 1.6-3.0 1.6 1.8 2.1 2.3 2.4 2.6 2.7 2.9 3.0 3.0 3.3 
Field Parameters 
pH 11.91 11.79 11.4 11.43 JJ.34iJJ.34 11.20 11.16 11.08 11.01 10.94 10.89 10.80 10.7 10.71 
specific conductance (t-IS/em) 3265 2352 1621 1539 1489!1489 1413 1393 1371 1354 1336 1335 1318 1373 1307 
dissolved oxygen (mg/l) 0.17 0.03 <0.20 0.01 0.00!0.00 0.00 0.00 0.01 0.01 0.00 0.01 0.00 <0.20 0.01 
oxidation reduction potential (mV) 114 -116 -343.7 -395 -388/-388 -393 -394 -391 -397 -395 -385 -383 -389.8 -379 
turbidity (NTU) 7.5 7.9 NM NA 2.0 NA NA NA NA NA NA NA NM 2.6 
alkalinity (mg/1 CaC03) 430 388 215 NA 213/213 NA NA NA NA NA NA NA 174/182 181 

Major Ions 
nitrate+ nitrite (mg N/l) 0.150(B)0 <0.100° <0.019T/<0.019T NA 0.120°/<0.050° NA NA NA NA NA NA NA <0.Q2T <0.050° 
ammonia (mg N/l) 4.61° 4.25° 0.79(B)T/0.79(B)T NA 1.81°/1.60° NA NA NA NA NA NA NA 0.34 B T 0.490° 
S04 (mg;L) 398° 339° 38QT/38QT 391° 390°/388° 397° 394° 406° 407° 401° 411° 413° 410T 428° 
S(mg;L) 158(1) 141(1) NA 187(J)S 177(J)Sfl71 (J)s 202(J)S 198(J)s 210(J)s 210(J)S 208(J)s 210(J)S 214(J)s NA 200(J)s 

Cl(mgil) 23.3° 23.1° 26T/26T 21.0° 19.4°/20.9° 22.0° 21.0° 21.20 21.0° 21.50 21.6° 20.8° 27T 21.20 

Br(mg/1) NA <3.00° 0.2(1)"/0.2(J)T <1.00° <1.00°/<1.00° <1.00° <1.00° <1.00° <1.00° <1.00° <1.00° <1.00° 0.2(J)T <1.00° 
F(mg/1) 1.55° 1.88° 3T/3T 2.24° 2.29°/2.33° 2.37° 2.110 2.29° 2.01° 2.33° 2.13° 2.06° 3T 2.01° 
K(mg/1) 54.9s 24.7 5 15.0Til6.0T 17.8s 17.3s/17.2s 16.2s 16.05 15.7s 15.3s Is.os 14.5s 14.45 13.0T 13.6s 

Na (mgil) 3345 304s 270T/280T 273s 276s/277s 271 5 2645 265s 265s 2645 2645 2685 280T 264s 

Ca(mg/1) 15.6S 13.65 9.4Ti9.4T 9.80 5 9.87/9.9JS 9.7ss 9.67s 9.69s 9.67s 9.66s 9.6ls 9.6ss 8.90T 9.47 5 

Mg (mg/1) 0.05(B)s 0.12s 0.14(J) Tf0.15(J)T 0.13s 0.14s/0.15s 0.14s O.Iss O.Iss 0.16s 0.16s 0.16 5 0.17 5 0.17(J)T 0.17 5 

Si(mg;L) 8.02(J)S 10.2(J)S 9.0T/8.7T 12.00(J+)5 10.50(J+ )5!1 0.50(J+ )5 10.10(h)5 9.95(J+)5 9.54(J+)5 9.09(J+)5 8.8l(J+)S 8.43(J+)s 8.18(J+)s 6.4' 7.69(h)5 

Dissolved Metals 
Ag (~g;L) <SP <SP <0.033T/<0.033T <14s <14s/<14s <14s <14s <14s <14s <14s <14s <14s <0.033T <14s 

Al(~g;L) 422(J)s 382(J)s 170T/170T 205(J) 5 234(J)s/245(J)5 211(1) 5 <494s <494s <494s <494s <494s <494s lOOT <494s 

As(~g;L) <SP <Sis 0.62(J)Tf<0.33T 0.40(J)c 0.49(J)c/0.7l(J)c <I.ooc 0.53(J)C 0.28(J)C 0.82(J)C 0.47(J)C 0.43(J)C 0.59(J)C <0.33T <I.ooc 

B (~g/L) 154(J)s 117(J)s 130T/130T 142(J)s 136(J)5/136(J)s 131(J)s 130(J)s 128(J)s 126(J)s 125(J)s 123(J)s 12l(J)s 120T 119(J)s 
Ba(~g/L) 41(1) 5 26(1) 23T/20T 2l(J)5 2l(J)s/2l(J)s 20(J)S 20(J)s 20(J)s 20(J)s 20(J)5 20(J)s 20(J)s 21T 19(J)s 
Be (~g;L) <4s <4s <O.OST/<O.OST <lOs <10s/<10s <lOs <lOs <lOs <lOs <lOs <lOs <lOs <O.OST <lOs 

Cd(~g;L) <4 <4s <0.1 T.f<O.lT <I.oos <l.oos/<l.oos <I.oos <I.oos <I.oos <I.oos <I.oos <I.oos <I.oos <0.1 T <I.oos 
Co(~g;L) <4s <4s <0.054T/<0.054T <4s <4s/<4s <4s <4s <4s <4s <4s <4s <4s <0.004T <4s 

Cr(~g;L) <4s <4s <O.ST/<O.ST <2.oos 2.2s/<2.oos <2.oos <2.oos <2.oos <2.oos <2.oos <2.oos <2.oos <O.ST <2.oos 

Cu(~g!L) <9s <9s <0.56T/<0.56T <2.oos <2.00s/<2.00s <2.oos <2.oos <2.oos <2.oos <2.oos <2.oos <2.oos <0.56T <2.oos 
Fe (~g/L) <63s >63s <22T/<22T <67s <67s/<67s <67s <67s <67s <67s <67s <67s <67s <22T <67s 

Hg (~g/L) NA NA <0.027T/<0.027T NA NA NA NA NA NA NA NA NA <0.027" NA 
Li(~g;L) NA NA 44T/45T NA NA NA NA NA NA NA NA NA 33T NA 
Mn(~g;L) <4s <4s <0.31T/IT <14s <14s/<14s <14s <14s <14s <14s <14s <14s <14s 0 42(J)T <14s 

Mo(~g;L) 20 5 <7s 10T/9.7T 7(J)S 7(J)s/8(8)s 5(J)S <17s <17s <17s <17s <17s <17s 7.6' <17s 

Ni(~g;L) l(J)S 3(J)S <0.3T/<0.3T <I.oos <1.00s/0.39(J)s <I.oos 023(1) 5 <I.oos <I.oos <I.oos <I.oos <I.oos <0.3T <I.oos 
P(~g/L) <0.014s <0.014 5 57T/89T <0.06s <0.06s/<0.06s <0.06s <0.06s <0.06s <0.06s <0.06s <O.o6s <O.o6s 6JT <0.06s 
Pb (~g;L) <liS <1 JS <0.18T/<0.18T <l.oos <l.oos/<l.oos <I.oos <I.oos <l.oos <l.oos <l.oos <I.oos <I.oos <0.18T <l.oos 

Sb (~g/L) Rs Rs <0.4 Tf0.54(B)T <2.oos <2.00si<2.00s <2.oos <2.oos <2.oos <2.oos <2.oos <2.oos <2.oos <0.4T <2.oos 
Se (~g;L) <16s <16s <0.7/<0.7 <S.oos <S.oos/<S.oos <S.oos <S.oos <S.oos <S.oos <S.oos <S.oos <S.oos <0.7T <S.oos 

Sr(~g;L) SOls 44ls 300T/310T 328s 315s/314s 312S 309s 307s 3045 30JS 2985 30JS 280T 291S 

Ti (~g/L) <4s <4s <0.6T/<0.6T <7s <7s/<7s <7s <7s <7s <7s <7s <7s <7s <0.6T <7s 

T1 (~g;L) <37s Rs <O.OST/<O.OST <l.OOs <l.OOs/<l.OOs <l.OOs <I.oos <I.oos <I.oos <I.oos <I.oos <I.oos <O.OST <I.oos 
U (~g;L) NA NA <O.OST/<O.OST NA NA NA NA NA NA NA NA NA <O.OST NA 
V(~g/L) 4(J)S NA 0.6(J)"!<OY <lOs <lOsi<lOs <lOs <lOs <lOs <lOs <lOs <lOs <lOs <O.ST <lOs 

Zn (~g;L) <24s <24s <2T/<2T <50s <SOs/<SOs <50s <50s <50s <50s <50s <50s <50s <2T <50s 

Laboratones (Superscnpt) 
S Shaw Environmental, Ada, OK (Contractor to EPA) 0 EPA ORD Ada, OK L EPA ORD, Las Vegas, NV 
R8 EPA Region 8 Laboratory, Golden, CO R3 EPA Region 3 Laboratory, Fort Meade, J'viD T Test America Laboratory (Contractor to USGS and EPA) 
V U.S. Geological Survey National Water Quality LaOOratory A ALS Environmental (Contractor to EPA) 
C Chemtech Consulting (contractor to EPA) E Eberline Laboratory (contractor to USGS) 
Data Qualifiers 
NA Not analyzed 
J Estimated (non-attainment of quality control criteria or below reporting limit. R3 and ORD La;; Vegas analysis are estimated because of method d~elopment) 
J- Estimated (biased low due <70% matrix sP.ke recovery in USGS samples, exceedance of holding time in R8 Phase IV samples, or other quality assurance factors) 
I-t- Estimated (biased high due to> 130% matrix spike recovery in USGS samples or other quality assurance factors) 

Estimated (method development on alcohols)65·66 

B Analyte in sample < 1 OX and< SX concentration detected in a blank for EPA and USGS data respectively 
D Relative percent difference outside acceptance criteria 
R Sample result rejected due to serious deficiencies in analysis 
C Acetone result in Phase V corrected from EPA (2012) 
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830 Table SI E4a Summary of Organic Compound Detections in MW02 

Compmutd . ·· ' . ..... EJ,>A . .. El'.l\. . ····.• > ... ll;PA . . 
1 EPA USGS 

PltaseUI Phase JV PltitseV PJraseV PJi~seV 

I . · ····· . ··· > .•.•... ··· . · ... · •· . U4l2c1' 
; 

041l"Z .··• ...... 0412-2 
Borehole Volumes 0.1 0.6 0.0 1.0 LO 

dissolved organic carbon ( mg/L) 14.5° 19.7° 19.4° 15.5° 131 

diesel range organics (ftg/1) 1440(J)RS 4050(Dt8/4200(D)R8 4150RS 2100RS 6701 

gasoline range organics (ftg/1) 3710RS 2800R8/3200RS 4500RS 5290RS 68001/77001 

benzene (ftg/1) 246RS 183 8/191 s 1668 2328 2501/260T 
139(Jf8/164(Jf8 175(J)RS 247(J)RS 

toluene (ftg/1) 617RS 4828/4648 4028 6078 690T/710T 

336(J-t 8/424(J-t 8 437(J)RS 677(Jt8 

ethyl benzene (ftg/1) 67.0RS 68.78/62.08 61.1 8 101 s lOOT/lOOT 

2LS(J-t 8/27.0(J- t 8 57.0(Jt8 89.6(J)RS 

m,p- xylenes (ftg/1) 572R8 6308/5548 5498 8948 lOOOT/lOOOT 
280(J-)R8/354(J- )RS 578(J)RS 973(J)RS 

o-xylene (ftg/1) 178RS 175 8/1608 161 s 245 8 260T/250T 

8L6(Jf8/102(Jf8 164(J)R8 253(J)RS 

isopropylbenzene (ftg/1) 11.0R8 <12.5(J-)R8/<12.5(J- )RS 9.( ~(J) RS 9.40(J)R8 ll(J)Tfl2(J)' 
n-butylbenzene (ftg/1) <6.25RS <12.5(J-t 8/<12.5(J- )RS 0. 8(J) RS <5.0Rs <6.4T/<6.4T 

sec-butylbenzene (ftg/1) <6.25RS <12.5(Jf8/<12.5(Jf8 1.( 5(J) RS <5.0Rs <3.4T/<3.4T 

tert-butylbenzene (ftg/1) <6.25RS <12.5(J-)R8/<12.5(J- )RS 0. ~(J) RS <5.0Rs <3.2T/<3.2T 

n-propylbenzene (ftg/1) 5.75(J)RS <12.5(J-)R8/<12.5(J- )RS 9.' ~(J) RS 1 LS(J)RS 13(J)T/12(J)T 

p-isopropyltoluene (ftg/1) <6.25RS <12.5(J-t 8/<12.5(J- )RS L36(Jt8 <5.0Rs <4.0T/<4.0T 

styrene (ftg/1) <6.25RS <12.5(J-t 8/<12.5(J- )RS 0. ~(J) RS <5.0Rs <3.4T/<3.4T 

1,3,5-trimethylbenzene (ftg/1) 35.5RS 43.68/35.08 39.5 8 71.48 861 /91 1 

1,2,4-trimethylbenzene (ftg/1) 69.2RS 84.1 8/67.28 77.08 1488 140T/150T 
18.5(J-)R8/23.0(J- )RS 

1,2,3-trimethylbenzene (ftg/1) NA 28.8 8/23.8 8 27.68 45.5 8 451 /461 

naphthalene (ftg/1) 1.41 RSJ4.25(Jt8 4.61 8/3.87 8 4.898 7.498 7.2(J)Tf7.9(J)T 
3.32R8/<5.0R8 7.19(J)R8/4.29RS 7.20(J)R8/4.78RS 
<12.5(J-t 8/<12.5(J- )RS 

1-methylnapthalene (ftg/1) 0.66RS L03R8/<5.00R8 2.23RS 2.85RS 3.5T 

2-methylnapthalene (ftg/1) Ll5R8 L75R8/<5.0R8 4.08RS 5.52RS 6.7T 

phenol (ftg/1) J3.7R8 14.5R8/29.2RS 32.7(J-t8 16.0RS 23T 

2-methylphenol (ftg/1) 13.8RS 1 0.3R8/20.9RS 22.2RS 20.8(J)RS 251 

3&4-methylphenol (ftg/1) 26.2RS 16.9(D)R8/34.6(D)R8 39.8RS 33.5RS 451 

2,4-dimethylphenol (ftg/1) 28.6RS 23.2(D)R8/46.3(D)R8 36.6(J+)RS 32.0RS 67T 

isopropanol (ftg/1) NA 581 8/583 8 8628 8028 <260T 

n-propanol (ftg/1) NA <1008/<1008 63(J-)8 1 L8(Jt)8/<100(J-)8 NA 
methanol (ftg/1) NA NA <5000A <5000A NA 

592(Jt)8 

tert-butyl alcohol (ftg/1) NM 44708/45808 59108 5395(t)8/61208 6300T/6300T 

acetone (ftg/1) NA 64l(Jf8/616(Jf8 14608 231 s 350T/450T 
982(J)RS 157(Jt8 

2-butanone (MEK) (ftg/1) NA 120(J-)R8/118(J- )RS 208(J)RS 86.2(J)RS <120T/<40T 

4-methyl-2-pentanone (MIBK) (ftg/1) N 12.5(J-)R8/<12.5(J- )RS <0.25RS <5.0Rs <20T 

benzoic acid (ftg/1) 244RS 209(D)R8/364(D)R8 5J3R8 110(D)R8 190T 

ethylene glycol (ftg/1) NA NA <5000A <5000A <8630T 

propylene glycol (ftg/1) NA NA <5000A <5000A <18700T 

diethylene glycol (R3) (ftg/1) NA 1570(J+ )R3/1610(J+ )R3 1260(Jf3 378(J)R3 <7730T 

triethylene glycol (R3) (ftg/1) NA 310(J-t 31293(J-t 3 262(Jf3 72.3(J)R3 <8450T 

tetraethylene glycol (R3) (ftg/1) NA 27 .2( J,B )R3 /29. 0( J-,Bt3 22.6(J-t3 3.6(J)R3 NA 
2-butoxyethanol (ftg/1) NA <O.lO(J-t 3/<0.10(J-)R3 6.8(J-t3 <5.0R3 TIC1 

<0.10(J-t 8/<0.10(J-)R8 <LORs <LORs 

ethyl ether (ftg/1) <6.25RS 12.5(J-)R8/<12.5(J- )RS L94(J)R8 <5.0Rs <5.2T 

nonylphenol (ftg/1) NA NA 28(J-)L 7.4-7.9(J-)L NA 
octylphenol (ftg/1) NA NA 2.9 (J-)L 0.5-0.7(J)L NA 
acrylamide (ftg/L) NA NA <0.20L <0.20L NA 
lactate (ftg/L) NA 213 8/253 8 2508 <1008 NA 
formate (ftg/L) NA 5588/5848 R R NA 
acetate (ftg/L) NA 43108/42008 48008 2840(1)8 NA 
propionate (ftg/L) NA 8088/6878 8448 687(J)8 NA 
adamantine (ftg/L) <6.25RS <12.5(J-)R8/<12.5(J- )RS <0.25RS <5.0Rs NA 
1,3-dimethyl adamantine (ftg/L) >0.20R8/<6.25RS <0.10(J-)R8/<5.0(J-)R8 <0.25RS <5.0Rs NA 
methylene blue active substances NA NA <0.20T <0.20T 0.12(J)T 
(mg/1) 
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832 Table SI E4b Summary of Field Parameters Major Ions and Dissolved Metals at MWOl 

Compound 
•••••• 

.. ·. EPA EJ?:A 

····· 
EPA .. E:PA usqs ... 

.··• PJ11•l!e n~. Ph;l(seiV 
.··. 

Pltal!e V Pbse.V PhaseV 
··. ················· · ..... . 0412-l 041%~~ 

. 0412-2 ·.· . 

Borehole Volumes 0.1 0.6 0.0 1.0 1.0 
Field Parameters 
pH 12.01 11.78 11.96 11.81 NM 
specific conductance (ftS/cm) 3812 3099 3313 2888(J) NM 
dissolved oxygen (mg/1) 0.0 0.02 0.02 0.01 NM 
oxidation reduction potential (m V) 121 -108 -154 -148 NM 
turbidity (NTU) 28.8 24.0 4.5 15.7 NM 
alkalinity (mg/1 CaC03) 456 482 390 254 NM 
Major Ions 
nitrate+ nitrite (mg N/L) (mg!L) 0.379(B)0 <0.1 00°/<0.100° 0.056° 0.095° <0.019 
ammonia (mg N/L) 1.95° 2.88°/2.82° 2.61° 1.23° 0.8l(B) 
S04 (mg/1) 12.1° 62.6°/62.5° 81.8° 13.5° 14 
S (mg/L) 6.8(B) 25.l(J)s/25.0(J)s 32.l(J)s 7.38(J)s NA 
Cl (mg/1) 466° 457°/456° 469° 495° 520 
Br (mg/1) NA <3.00°/<3.00° <1.00° <1.00° 1.9 
F (mg/1) 1.01° 1.54(J)o/1.49(J)o 1.500 1.160 1.6 
K (mg/1) 39.5(J)s 43.6(J)s/44.0(J)s 31.4(J)s 16.6(J)S 15.0 
Na (mg/1) 420(J)S 448(J)S/449(J)S 429(J)S 379(J)S 400(B) 
Ca (mg/1) 73.3s 60.5s/60.6s 50.8s 36.1 s 33.0 
Mg (mg/1) <O.o5s 0.03(J)s/0.02(J)s <0.10s <0.10s 49(J) 
Si (mg/L) 3.00(J)s 2.94(J)s/2.93(J)s 4.89(J+)s 5.00(J+)s 15.0 
Dissolved Metals 
Ag (ftg/L) <51 s <5ls <14s <14s <0.033 
Al (ftg/L) 577(J)s 684(J)s/736(J)s 660(J)s 816(J)s 700 
As (ftg/L) <51 s <51 s/<51 s 3.1 s 3.4s 3.l(J) 
B (ftg/L) 103(J)s 109(J)s/108(J)s 114(J)s 108(J)s 110 
Ba (ftg/L) 210(J)S 93(J)S/93(J)S 95(J)s 147(J)S 150 
Be (ftg/L) <4s <4s/<4s <lOs <lOs <0.08 
Cd (ftg/L) <4s <4s/<4s <l.OOs <l.OOs <0.1 
Co (ftg/L) <4s <4s/<4 <4s <4s 0.085 
Cr (ftg/L) <4s <4s/<4s <2.oos <2.oos 4.5 
Cu (ftg/L) <9s <9s/<9s <2.oos 4.4s 3.7 
Fe (ftg/L) <63s 19(J)s/<63s <67s 151 s 400 
Hg (ftg/L) NA NA NA NA <0.027 
Li (ftg/L) NA NA NA NA 25 
Mn (ftg/L) <4s <4s/<4s <14s <14s 5.6 
Mo (ftg/L) 14s 13s/14s 6(J)s <14s 2.1 
Ni (ftg/L) 4s 2s/2(J)s 4.3s 2.6s 6 
p (ftg/L) <0.014s 0.014(B)s/0.024(B)s <0.06s <0.06s 65 
Pb (ftg/L) <lis <11 s/<11 s <l.OOs <l.OOs <0.018 
Sb (ftg/L) Rs Rs/Rs <2.00s <2.00s 1.3(B) 
Se (ftg/L) 14(J)S <16s/9(J)s 4.7(J)s 4.9(J)S <0.7 
Sr (ftg/L) 2020s 1780s I 1790s 1260s 806s 780 
Ti (ftg/L) <4s <4s/<4s <7s <7s 2.7(J) 
Tl (ftg/L) <37s Rs/Rs <l.OOs <l.OOs <0.05 
U (ftg/L) NA NA NA NA <0.05 
v (ftg/L) <7s <7s/<7s <lOs <lOs 2.l(J) 
Zn (ftg/L) <24s 32s/24s <50s <50s 49 

833 Laboratones (Superscnpt) 
834 S Shaw Environmental, Ada, OK (Contractor to EPA) 0 EPA ORD Ada, OK 
835 L EPA ORD, Las Vegas, NV R8 EPA Region 8 Laboratory, Golden, CO 
836 R3 EPA Region 3 Laboratory, Fort Meade, MD T Test America Laboratory (Contractor to USGS and EPA) 
837 U USGS Laboratory A ALS Environmental (Contractor to EPA) 
838 C Chemtech Consulting (contractor to EPA) 
839 Data Qualifiers 
840 NA Not analyzed 
841 Estimated because of non-attainment of certain quality control criteria or concentration below quantitation limit. R3 and ORD Las Vegas analysis are 
842 estimated because of method development. 
843 J- Result is estimated because but may be biased low due <70% matrix spike recovery in USGS samples, exceedance of holding time in R8 Phase IV 
844 samples, or other quality assurance factors. 
845 J+ Result is estimated but may be biased high due to> 130% matrix spike recovery in USGS samples or other quality assurance factors. 
846 J(t) Estimated because of method development on ale ohols (Shaw 20 12,b) 
84 7 B Analyte in sample< lOX and< 5X concentration detected in a blank for EPA and USGS data respectively 
848 D Relative percent difference outside accepta nee criteria 
849 R Sample result rejected due to serious deficiencies in analysis 
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850 Table SI ES. Light Hydrocarbon and Isotope Analysis of Production Wells and EPA Monitoring Wells 

Johnson and Rice (1993) 
Tribal Pavillion 14-6 (WR) (g) 
Govt21-5 (WR)(g) 
Tribal Pavillion 41-9 (FU) (g) 
Tribal Pavillion 14-11 (FU)(g) 
Blankenship Fee 4-8 (FU) (g) 
Phase II 
Tribal Pavillion 14-10 (WR) 
(PGPP01) 
Tribal Pavillion 43-10 (FU) 
(PGPP02) 
Tribal Pavillion 24-2 (WR) 
(PGPP04) 
Tribal Pavillion 33-10 (FU) 
(PGPP05) 
Tribal Pavillion 14-2 (FU) 
(PGPP06) 
MWOl 
EPA Phase III 
EPA Phase III( g) 
EPA Phase N 
EPA Phase IV(g) 

USGS PhaseV 

EPA Phase V 0412-4 
EPA Phase V 0412 

EPA Phase V 0412-2 
EPA Phase V 0412-3 
EPA Phase V 0412-5 
EPAPhaseV0412-7 
EPA Phase V 0412-6 
EPA Phase V 0412-8 
EPA Phase V 0412-9 
USGS Phase V 

EPA Phase V 0412-10 
MW02 
EPA Phase III 
EPA Phase Ill( g) 

EPA Phase IV 

EPA Phase N(g) 

EPA Phase V 0412-1 
EPA Phase V 0412-2 
USGS Phase V 0412-2 

851 BH-Borehole 
852 S- Shaw Environmental 
853 T- Test America 

BH Ct 
vol (mg!L) 

----- -----
----- -----
----- -----
----- -----
----- -----

-----

-----

-----

-----

-----

0.3 16.0' 
----- -----

0.7 17.93' 
----- -----

1.6-3.0 2 .5 Tf30.5T 
26t:C/26"CC 

1.6 NA 
1.8 17.3'117.3' 

2.1 NA 
2.3 NA 
2.4 NA 
2.6 NA 
2.7 NA 
2.9 NA 
3.0 NA 
3.0 25.5T/27.0T 

28cc 

3.3 18.8' 

0.1 18.99' 
----- -----

0.6 18.82' 

----- -----

0.0 19.10' 
1.0 22.00' 
1.0 32.005 

854 UC- USGS Reston Chlorol1uorocarbon Laboratory 
855 W- Woods Hole Oceanogrpahic Institute 

Cz c, c4 14C1 
(mg!L) (mg!L) (mg!L) (% 

pmc) 

------ ----- ----- NA 
------ ----- ----- NA 
------ ----- ----- NA 
------ ----- ----- NA 
------ ----- ----- NA 

NA 

NA 

NA 

NA 

NA 

2.23' 0.79' 0.158' NA 
------ ----- ----- <0.2 1 

2.95' 1.25' 0.172(J)' NA 
------ ----- ----- NA 

3.6(J+)" 1 l.4T/ NA 2.22"" 
4.0(J+)" J.3T 

NA NA NA NA 
2.38'! 0.763' 1 0.199'! NA 
2.21' 0.663' 0.169' 
NA NA NA NA 
NA NA NA NA 
NA NA NA NA 
NA NA NA NA 
NA NA NA NA 
NA NA NA NA 
NA NA NA NA 
3.2(J+)"/ l.IT/ NA 1.53"' 
3.3(J+)" l.OT 

18.8' 0. 715' 0.184' NA 

3.20' 1.82' NA NA 
------ ----- ----- <0.2 1

/ 

<0.21 

2.55' 2.26' NA 

------ ----- ----- NA 

3.06' 1.58' 0.380' NA 
3.07' I. 78' 0.517' NA 
4.905 2.205 NA NA 

o13Ct oDCt ot'c2 oDC2 o13c, oDC, o13iC4 1i13nC4 
(%o) (%o) (%.) (%o) (%•) (%o) (%o) (%o) 

-39.24 NA NA NA NA NA NA NA 
-40.2 NA NA NA NA NA NA NA 
-38.04 NA NA NA NA NA NA NA 
-38.4 NA NA NA NA NA NA NA 
-38.08 NA NA NA NA NA NA NA 

-38.75 1 -203.41 -26.931 -162.51 -24.931 -147.21 -25.831 -25.261 

-39.07 1 -212.991 -25.991 -157.51 -19.401 NA NA -23.871 

-39.26 1 -204.91 -26.791 -166.i -25.331 -148.01 -25.661 -25.051 

-39.05 1 -207.31 -26.211 -161.11 -18.461 -101.71 -23.961 -23.641 

-39.28 1 -215.31 -26.421 -162.31 -24.0Jl -145.21 -25.331 -24.871 

-38.891 -191.31 -26.55 NA -23.851 NA NA NA 
-39.441 -209.Jl -26.63 -165.01 -23.761 -143.71 NA NA 
-38.881 -211.61 -26.70 NA -24.401 NA -25.31 -24.41 

-39.25 1/ -211.21/ -26.6ti -166.81/ -23.741/ -146.f/ NA NA 
-39.281 -210.Jl -26.671 -167.41 -23.9Jl -146.61 

NA NA NA NA NA NA NA NA 

NA NA NA NA NA NA NA NA 
-38.21 -205.31 -26.51 NA NA NA NA NA 

NA NA NA NA NA NA NA NA 
NA NA NA NA NA NA NA NA 
NA NA NA NA NA NA NA NA 
NA NA NA NA NA NA NA NA 
NA NA NA NA NA NA NA NA 
NA NA NA NA NA NA NA NA 
NA NA NA NA NA NA NA NA 
-38.541 -208.01 NA NA NA NA NA NA 

-38.51 -205.91 -26.61 NA NA NA NA NA 

-41.831 -203.8 -26.41 NA -24.281 NA NA NA 
-41.8511 -209.41/- NA NA NA NA NA NA 
-41.721 209.21 

-41.301/ -210. 7'! -26.251/ NA -24.291/ NA -25.311 -24.311 

-41.371 -208.21 -26.281 -24.281 -25.31 -24.51 

-41.05 1/ -208.91/ -26.101/ -170.51/ -24.051/ NA NA NA 
-41.0Jl -210.81 -26.091 -171.41 -24.061 

-41.21 -209.Jl -26.21 NA NA NA NA NA 
-41.21 -199.61 -26.31 NA NA NA NA NA 
NA NA NA NA NA NA NA NA 
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856 Table SI E6. Dissolved Inorganic Carbon, Water Isotopes, Tritium, SF6, and He in MWOl and MW02 
Borehole DIC 
Volumes (mgiL) 

MWOl 
EPA Phase III 0.3 26.9° 
EPA Phase IV 0.7 12.7° 
USGSPhaseV 1.6-3.0 2QTI19T 

EPA Phase V 0412-4 1.6 NA 
EPA Phase V 0412 1.8 15.2°/ 

15.2° 
EPA Phase V 0412-2 2.1 NA 
EPA Phase V 0412-3 2.3 NA 
EPA Phase V 0412-5 2.4 NA 
EPA Phase V 0412-7 2.6 NA 
EPA Phase V 0412-6 2.7 NA 
EPA Phase V 0412-8 2.9 NA 
EPA Phase V 0412-9 3.0 NA 
USGSPhaseV 3.0 2]T 

EPA Phase V 0412-10 3. 19.1° 
MW02 
EPA Phase III 0.1 20.4° 
EPA Phase IV 0.6 1.40°/ 

1.39° 
EPA Phase V 0412-1 0.0 1.25° 

EPA Phase V 0412-2 1.0 2.26° 

USGS Phase V 0412-2 I. 4.6T 

857 E- Eberlme Laboratory (contractor to USGS) 
858 I- Isotech 

o13Dic ozH 
(%.) (%.) 

-12.181 -113.8 1 

-12.0ll -109.51 

-14.39"" -113';si 
-113"' 

NA -112.91 

-11.701
/ -113.1 11 

12.131 -113.01 

NA -113.01 

NA -113.01 

NA -113.1' 
NA -113.21 

NA -113.21 

NA -113.3 1 

NA -113.4 
-14_llw -113"' 
-11.941 -113.61 

NA -117.41 

DICtoo -113.41
1 

low -113.5 1 

DICtoo -116.3 1 

low 
DIC too -116.8 1 

low 
NA NA 

859 U- U.S. Geological Survey National Water Quality Laboratory 
860 UC- USGS Restn Chlorofluorocarbon Laboratory 
861 UM- USGS Menlo Park Tritium Laboratory 
862 US- USGS Reston Stable Isotope Laboratory 
863 W- Woods Hole Oceanogrpahic Institute 

864 E.5 Discussion of Potential Cement-pH Interaction 

o18o Tritium SF, He Ru-222 
(%.) (pCiiL) (fg/kg) (10:9 cm3fg (pCiiL) 

water) 

-13.8 1 NA NA NA NA 
-13.3I NA NA NA NA 
-13.32';si 0.60'"' <1.00cc 1170cc; 1060]; 
-13.32';s 1190cc 

-13.3 1 NA NA NA NA 
-13.21

/ <0.801
1 NA NA NA 

-13.3 1 <0.801 

-13.3 1 NA NA NA NA 
-13.3 1 NA NA NA NA 
-13.3 1 NA NA NA NA 
-13.3 1 NA NA NA NA 
-13.4' NA NA NA NA 
-13.4' NA NA NA NA 
-13.3 1 NA NA NA NA 
-13.39';s 0.30"'1 <I.oocc 294occ NA 
-13.3 1 <0.801 NA NA NA 

-14.61 NA NA NA NA 
-14.2 1

/ NA NA NA NA 
-14.3 1 

-14.2 1 <0.801 NA NA NA 

-14.2 1 <0.801 NA NA NA 

NA NA NA NA NA 

Rn-226 
(pCiiL) 

NA 
NA 
0.087E 

NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
O.lOOE 

NA 

NA 
NA 

NA 

NA 

NA 

865 Elevated pH levels(~ 12 standard units) were observed during purging and sampling at MWOl 

866 and MW02 during Phase III, IV and V sampling events (Figure SI E5). During a period of extensive 

Ru-228 
(pCiiL) 

NA 
NA 
0.16(R)E 

NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
0.23E 

NA 

NA 
NA 

NA 

NA 

NA 

867 purging at MWOl (over 5000 L) during the Phase V sampling event, specific conductance decreased from 

868 3.93 to 1.31 mS/cm before stabilizing and pH decreased from 12.14 to 10.70. 

869 Simulations were conducted to evaluate whether trends in pH and specific conductance were due 

870 to insufficient purging. Observed specific conductance and pH as a function of time during the Phase V 

871 sampling event; calculated casing, borehole, and screen exchange volumes; estimated fraction of stored 

872 casing water in the sampling train; and simulated &tmple train/formation concentration ratios (G/CF) as a 

873 function ofhypothetical initial screen/formation concentration ratios (Co/CF) and initial casing/formation 

874 concentration ratios (Cc!CF) are illustrated in Figure SI E6a. In all calculations, the initial concentration in 

875 the screen (Co) was set equal to casing concentration (Cc) or Co!CF = Cc/Cp. Pumping rate and observed 

876 drawdown are illustrated in Figure SI E6b. 

877 Simulations indicated that the fraction of casing 1o formation water entering the sampling train at 

878 MWOl during the Phase V sampling event fell below 0.1% at 0.81 borehole volumes and was at 0.003% 

879 during the time of first EPA sample collection during the Phase V sampling event. During purging, 26 
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880 screen exchanges (casing volume of screen plus annular space outside screen). Regardless of the initial 

881 hypothetical condition, when CoiCF and Cc!CF were less than unity (i.e., initial concentration in casing 

882 and well screen less than surrounding formation), sampling train concentration reached 99% of formation 

883 concentration by 0.81 borehole exchanges. When initial hypothetical values ofC/CF and Cc/CF were set 

884 at values greater than unity (initial concentration in casing and well screen greater than the surrounding 

885 formation due to potential well construction effects), sample train concentration reached 101% constant 

886 formation concentration by 1.26, 1.48, 1.65, and 1.84 borehole volumes for Co/CF and Cc!CF values of 

887 1.5, 3, 10, and 100, respectively. When Co/CF and Cc!CF was set to an extreme value of 1000, sample 

888 train concentration reached 101% constant formation concentration by 2.27 borehole volumes. 

889 pH declined during purging during all three sampling events in an approximately linear fashion 

890 (Figure SI E7). Specific conductance declined rapidly and then stabilized after approximately one 

891 borehole volume. If reduction in pH and specific conductance were due to dissolved solids remaining in 

892 well casing as a result of drilling and/or well construction materials, this would correspond to Co!CF = 

893 CciCF values between 10- 100 for pH and 3 for specific conductance. Reduction in pH and specific 

894 conductance and pH during purging occurred much more slowly than would be expected if dissolved 

895 solids remained in well casing as a result of well construction effects. 

896 
897 
898 
899 

0 750 

12 

II 

10 
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0.0 0.5 

Purge Volume (L) 

1500 2250 3000 3750 

1.0 

I I I I I I 

pH 

• Specific Conductance· Phase III (mS/cm) 
Specific Conductance· Phase IV (mS/cm) 

A Specific Conductance- Phase V (mS/cm) 
,. pH- Phase III 

pll - Phase IV 
~ pH- Phase V 

Phase III Sample 
Phase IV Sample 
Phase V Samples 

Specific Conductance 

1.5 2.0 2.5 

Borehole Volumes(-) 

4500 5250 

3.0 3.5 

Figure SI ES. Trends in pH and specific conductance during purging at MW01 during Phase III, IV, and V 
sampling events as a function of purge volume and borehole volumes (1 borehole volume~ 1500 L). Times of 
sample collection illustrated by straight bars 
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Figure SI E6. (a) Observed decrease in pH (in mmoles/L) and specific conductance during purging as a function of 
time during the Phase V sampling event in MWOI. Increase in casing volumes (up to 3.8), borehole volumes (up to 
3.4), and screen exchanges (up to 26), and EPA sample collection times (approximately 30 minutes in duration) 
illustrated. Simulation of fraction of store casing water in sample train (0.003% at first sample collection), sample 
train (Cp) I formation (CF) concentration ratios as a function of initial screen Co and casing Cc /formation (CF) 
concentration ratios using a casing plug flow - screen mixing well bore process model illustrated. (b) Rise in water 
level in well casing as a result of reduced pumping rate in MW01 during Phase V sampling. 

The pH of produced water samples varied from 5.6 to 9.0 standard units (Figure SI E7a). 

However, pH measurements from produced water samples were primarily from production wells where 

C02 foam was used for hydraulic fracturing. There was substantial variation in hydraulic fracturing 

practices over time and throughout the field. Potassium hydroxide (KOH) was used for hydraulic 

fracturing. In ground water having sodium- sulfate (Na-S04) type composition, small quantities ofKOH 

addition could result in pH approaching 12 units27
. Water flowing to the surface at Tribal Pavillion 13-1 

during Bradenhead testing had a pH of 10.86 and nearly all Bradenhead gas samples were devoid ofCOz 

(Table SI D3) suggesting elevated pH above intervals of stimulation. There was also an anomalous trend 

of increasing pH with depth in domestic wells (Figure SI E7b ). 
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918 Water from MWOl and MW02 was highly undersaturated with respect to portlandite (Ca(OH)2) 

919 at -4.3 and -2.3 during the Phase V sampling event, respectively. Water in contact with hydrating cement 

920 is saturated or oversaturated (saturation index greater than 0) to portlandite67.69 and remains oversaturated 

921 prior to degradation (e.g. carbonation?0·73
. Calcium concentrations in MWOl and MW02 were typical of 

922 domestic wells (Figure SI E8a) displaying random scatter with depth (Figure SI E8b ). Calcium 

923 concentrations should be significantly elevated in the presence of cement interaction74. 

924 Another explanation of elevated pH in MWOl at the start of purging with decrease during purging 

925 could be progressive intake of formation water more distal from the screen that has undergone less 

926 degassing. Water underwent vigorous degassing and foaming during purging at MWOl and MW02 

927 indicating total dissolved gas pressure (TDGP) significantly above atmospheric pressure (Figure SI E9). 

928 During the Phase IV sampling event, pump cavitation occurred at MW02 after removal of 1287 L of 

929 water with 40 m of hydrostatic head from the base of the borehole indicating 4.7 atm or 0.48 MPa TDGP 

930 (atmospheric pressure= 0.86 atm). Degassing in the immediate vicinity of the borehole could result in 

931 removal of carbon dioxide and conversion of bicarbonate/carbonate to non-carbonate alkalinity: 

932 

933 

934 

935 

936 

Hcq- ---+ C02(g) + oH-

co;- + H 20---+ cq(g) + 20H-

During purging at MWOl in the Phase V sampling event, DIC increased from 15.2 to 19.1 mg/L as pH 

decreased from 11.34 to 10.71. During development ofMWOl in August 2010, prior to gas entry, 

documented by measurement of lower explosive levels in well casing, pH varied from 8. 72 to 9.06 

standard units during removal of 33,300 L of water. 

937 E.6 Discussion of Potential Cement-Potassium Inter action 

938 Similar to pH, elevated potassium may be the result of interaction with cement. Alkalis in cement 

939 are present as readily soluble sulfates (JZ;,S04 and Na2S04) and less soluble oxides (K20 and Na20) in the 

940 major clinker minerals70.72·75 leading to high alkali and sulfate concentrations during the first hours of 

941 hydration76. 

942 Potassium and calcium concentrations were positively correlated in domestic well and monitoring 

943 wells with apparent random scatter in bradenhead and produced water samples (Figure SI ElO). With 

944 exception of EPA monitoring wells, potassium concentrations generally decreased with depth (Figure SI 

945 lla) which was reduced to random scatter when potassium was normalized by calcium concentrations 

946 (Figure SI Ellb). 
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947 Potassium concentrations decreased during purging at MWOl during the Phase V sampling event 

948 while calcium, silicon, chloride, and fluoride remained fairly constant or decreased at a slower rate 

949 (Figure SI El2a). Concentrations of sodium and strontium decreased (Figures SI El2b, c) while sulfate 

950 increased purging (Figures SI El2b). Given that soluble sulfates are associated with curing cement, 

951 sulfate concentrations should be decreasing rather than increasing. Interaction of strontium with cement is 

952 unknown. 
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954 Figure SI E7. (a) Box and whisker plots of minimum, quartiles, median (line), mean (cross), and maximum values 
955 of pH of domestic wells (PGDWXX) greater than 1 km from a production well, domestic wells less than 1 km from 
956 a production wells, MWOl, MW02, produced water, and Bradenhead water samples. Mean values are represented 
957 for domestic well locations sampled more than once. Produced water and bradenhead locations were sampled once. 
958 Measurement at MWOl and MW02 represent samples collected during Phase III, IV, and V sample events to 
959 illustrate variability. (b) pH levels in domestic wells (PGDWXX) less than and greater than 1 km of a production 
960 well (red and blue respectively) and monitoring wells as a function of absolute mean seal level (AMSL). All data 
961 points are illustrated for locations sampled more than once. 
962 
963 
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965 Figure SI E8. (a) Box and whisker plots of minimum, quartiles, median (line), mean (cross), and maximum values 
966 of Ca of domestic wells (PGDWXX) greater than 1 km from a production well, domestic wells less than 1 km from 
967 a production wells, MWOl, MW02, produced water, and Bradenhead water samples. Mean values are represented 
968 for domestic well locations sampled more than once. Produced water and bradenhead locations were sampled once. 
969 Measurement at MWOl and MW02 represent samples collected during Phase III, IV, and V sample events to 
970 illustrate variability. (b) Ca levels in domestic wells (PGDWXX) less than and greater than 1 km of a production 
971 well (red and blue respectively) and monitoring wells as a function of absolute mean seal level (AMSL). All data 
972 points are illustrated for locations sampled more than once. 
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976 
977 Figure SI E9. Photograph of foam in YSI flow cell during purging at MWOl 
978 
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Figure SI ElO. Potassium as a function of calcium concentration for domestic wells (PGDWXX) less than and 
greater than 1 km of a production well, monitoring wells MWOl and MW02, production wells, and bradenhead 
samples. Mean values are represented for domestic well locations sampled more than once. Produced water and 
bradenhead locations were sampled once. Measurement at MWOl and MW02 represent samples collected during 
Phase III, IV, and V sample events to illustrate variability. 
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989 Figure SI Ell. (a) Potassium concentration and (b) potassium/calcium concentration ratios for domestic wells 
990 (PGDWXX) less than and greater than 1 km of a production well, monitoring wells MWO 1 and MW02, production 
991 wells, and bradenhead samples as a function of absolute mean sea level (AMSL). Domestic wells are identified 
992 when sampled more than once. 
993 
994 E. 7 Discussion of Potential Cement-Glycol Interacti on 

995 Polar organic compounds, including diethylene glycol (DEG) are used to reduce the energy 

996 required to grind clinker material for cemenf7
-
80

• Thus, it is plausible that detection of glycols in 

997 monitoring wells is due to interaction with cement. Smith et al.81 determined bulk concentrations of 

998 glycols and 2-butoxyethanol (2-BE), and a number of selected organic compounds in 5 Type IIII Portland 

999 cement samples and conducted a 5-day leaching study on the cured cement sample having the highest 

1000 bulk concentrations of glycols. DEG, triethylene glycol (TEG), and tetraethylene glycol (TREG) were 

1001 detected after the last aqueous exchange at concentrations of 97, 250, and 52 11g/l, respectively. 2-BE was 

1002 not detected. 
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1006 Figure SI E12. Concentration variation of a) potassium (K), calcium (Ca), silicon (Si), dissolved inorganic carbon 

1007 (DIC), chloride (Cl), and fluoride (F); (b) sodium (Na) and sulfate (S04); and (c) Strontium (Sr), magnesium (Mg), 
1008 boron (B), and aluminum (AI) during purging at MWOl as a function of borehole volume during Phase III, IV, and 

1009 V sampling events. 

1010 During its national study on hydraulic fracturing, EPA conducted analysis of glycols using high 

1011 performance liquid chromatography with dual mass spectrometry (HPLC-MS/MS) at five retrospective 

1012 study areas with non-detection at 83 domestic wells sampled82
-
86

. Glycols were only detected in a 

1013 produced water sample86
. Using HPLC-MS/MS analysis, glycols were detected at domestic wells sampled 
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1014 in the Pavillion investigation. The discrepancy in detection of glycols in leachate and domestic well 

1015 samples may be due variation in use of cement for domestic well construction, product variability, and 

1016 exposure factors (i.e. dilution, cross-sectional exposure area, etc.) commonly used to evaluate impact of 

1017 construction materials on water quality. 

1018 In EPA Method 131587
, a solution to diffusive mass transfer through a semi-infinite media 

1019 (Crank88
) is utilized to evaluate mass flux from monolithic samples: 

1020 

Flux= Dp ( ac) 
ffi: x=O 

1021 Flux= diffusive flux (11g/m 2 s) 

1022 

1023 

1024 

1025 

1026 

1027 

1028 

1029 

1030 

1031 

1032 

1033 

1034 

1035 

1036 

1037 

1038 

1039 

1040 

= initial concentration in cement (11g/kg) 

p = density of cement (kg/m 3
) 

D =diffusion coefficient of diffusing species (m 

t =time (s). 

Using this approach, concentration in a well during purging (Cwen) (11g!L) can then be estimated by 

-'-"-(fl_ux..L...:>) (_SA_L_) 
ewell = 

flow 

To evaluate mass flux from cement at MWOl, an unrealistic worst-case scenario of complete 

encasement of cement around a 22 em (8.5") diameter pre-packed screen was assumed (surface area= 

4.13 m2 or 6406 in2
) with bulk DEG concentration of37,000 11g/kg from Smith et aP1

. Diffusivity of 

cured cement was set equal to 10"12 m2/s (EPA 2010b) with density of 1850 kg/m3 (density of cement 

varies from 1200- 2500 kg m·3
). An average flow rate of 16 LPM (flow from MWOl during the Phase V 

sampling event varied from 8 to 24 LPM) was assumed. The hypothetical concentration ofDEG in 

MWOl decreased from 2.0 11g/L at day 1 to below detection at 0.0831-lg/L on day 600- the approximate 

time for Phase V sampling after curing of cement. Using the maximum bulk concentration determined by 

Smith et al.81 for TEG (79,000 11g/kg) a hypothetical concentration ofTEG in MWOl decreased from 43.5 

11g/L at day 1 to below detection at 0.178 ug/L on day 600. 

Glycols decreased during purging in the Phase V sampling. However, compound classes and 

compounds (GRO, DRO, phenols) not associated with cement also decreased during purging (Figure SI 

E13) suggesting alternative explanations such as aquifer physical and chemical heterogeneity. 
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Figure SI E13. Concentration of diethylene glycol (DEG) and triethylene glycol (TEG), as a function of borehole 
volume during Phase III and IV sampling events and while purging during the Phase V sampling event. 
Concentrations of gasoline range organics (GRO), diesel range organics (DRO), phenol, and isopropanol included 
for comparison. 
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1046 Section F - Potential Impact of Unlined Pits on Domestic Wells 

1047 
1048 
1049 Table SI Fl Summary of disposal of drilling mud and production fluids in from production wells 

1050 
1051 

Unlined Pits Unlined Pits Unknown 
Used to Used to Disposal 
Dispose Dispose ofWBM 
Invert Mud WBM 

Pits Likely Used 41 3 0 
for Disposal of 
Production 
Fluids 
No Production 16 4 0 
Fluids 
Offsite Disposal 0 0 10 
of Production 
Fluids 
Totals 57 7 10 

WBM -water based mud 
t - used to construct berms or spread out on site 

Disposal of WBM WBM Offsite 
WBMat Used on Disposed Disposal 
Lozier Location in Lined ofWBM 
Area t Pits 

0 0 0 0 

0 0 7 0 

8 19 26 47 

8 19 33 47 

Totals 

44 

27 

110 

181 
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.052 

.053 

.054 

Table SI F2. Summary of disposal of drilling mud and production fluids in pits, results of soil and surficial ground-water sampling, volumes of soil excavation, distance and 
direction of domestic wells with 600 m of pits, review of completion and stimulation record by WOGCC31 of production wells associated with unlined pits, and recommendations 
by WOGCC32 for further or no further investigation 
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MHRI "Chern Gel"' Yesu No No 0 Not sampled 0 0 Not sampled Qa PGDW41 Yes !',1 No Completed amd P&A in 1953. No production or 
(31m,314m,NW) stimulation. 

14-12 Invert Yesu Yes Yes 20 GR0:340 (n 23) 1,306 1,000 7 GRO:ND(n 7) Qa PGDW22 No VRP VRP Acid stimulation in 1960. Hydraulic fracturing in 1964 
DR0:4300 (n~23) DRO: 1.300 (n~7) (Om,261m,SW) Vi'ith "salt water." \Vell flowed "diesel and load wa1er." 
Benzene: ND (n~20) Benzene: ND (n~7) PGDW32 Acid stimulation Vi'ith additives in 1980. No 
Toluene: ND (n~20) Toluene: ND (n~7) (206m,563m,SE) description of where flowback and other production 
Ethylbenzene: 0.066 (n~20) Ethylbenzene: ND (n~7) P22660.0P fluids were disposed. No produced water from 1978 
Xylenes: 0.085 (n~20) X ylenes: ND ( n~ 7) (53m,407m,SE) (records start) through 1983 (shut-in). Sundry notice in 

P22661.0P Jan 1998 for offsite disposal of production fluids. 
(15m,535m SE) Encana \Vaiting approval from \VYDEQ for closure. 

23-7 Q-Broxin Gel Yesu No No 0 Not sampled 0 0 Not sampled Qa CR UW09/250 No Nl Yes Well completed andP&A in 1961. Q-BROX!NGel 
(0,361m,NE) used. Well history missing from well completion 

report. Production and stimulation unlikely. 
WI "Gel" Yesu No No 0 Not sampled 0 0 Not sampled 0 None No Nl No Well completed and P&A in 1961. Production and 

stimulation unlikely. 
23-2 Invert Yesu Yes Yes 10 TPH:ND(n 2) 0 1,000 0 Not sampled Qa None No No Yes Well completed in 1962. Hydraulic fracturing in 1965 

-no description. No description of where flowback 
and other production fluids were disposed. Production 
records from 1978. No produced water lllltil2004. 
Slllldry notice for offsite disposal of production fuids 
in Jan 1998. Two separate pit locations. 

22-35 Invert Yesu No No 0 Not sampled 0 0 Not sampled 0 None No Nl No Completed & P&A in 1963. Stimulation lllllikely. 
GOL 1 Invert Yesu No No 0 Not sampled 0 0 Not sampled Qa None No !',1 No Well completed in 1963. P&A in 1974. No information 

available on production or stimulation. 
14-1 Invert Yesu Yes Yes 5 TPH: 3790 (n-5) 1,400 2,500 0 Not sampled Qa PGDW36 No No Yes Well completed in 1963. Hydraulic fracturing \Vith 

(Confirmation sample) or (31m,296m,SW) lllldiluted diesel fuel in 1964. In 1993, acid stimulation. 
4,000 No description of where flowback and other 

production fluids were disposed. Production records 
from 1978 with 789 bbls produced water prior to 1993. 
Sundry notice in 1993 to plug water bearing 
perforation. Slllldry notice in Jan 1998 for offsite 
disposal of production fluids. Post excavation soil TPH 
exceeded 4000 mg;kg. 

21-8 Invert Yesu Yes 0 0 Not sampled 0 0 Not sampled Qa None No !',1 No Well completed in 1963. P&A date llllknown. Well 
history missing from well completion report. 

21-5 Invert Yesu Yes 0 13 TPH: 327 (n-8) "60 7,000 0 Not sampled Qa None No Yes No Well completed in 1963. No documented stimulation 
(Confirmation sample) llllti11999. Production records from 1978. No 

produced \Vater until 1995. Sundry notice for offsiie 
disposal of production fluids in Jan 1998. 

u 13-13 Invert Yesu Yes 0 5 TPH: 16 (n-5) 0 1,000 0 Not sampled 0 P60032.0W No No Yes Well completed in 1963. Information on completion 
(26m,99m,W) missing from well completion report. Production 

records from 1978. No produced water llllti12007. 
Slllldry notice for offsite disposal of production fuids 
in Jan 1998. 

14-6 Invert Yesu Yes 0 5 TPH: 1298 (n-5) 120 2,500 0 Not sampled 0 No 0 0 Well completion in 1963. Information on completion 
(Confirmation sample) missing from well completion report. Production 

records from 1978. No produced water llllti12005. 
Further investigation by WOGCC dependent on 
potential presence of nearby domestic well. 

32-4 Invert Yesu No No 0 Not sampled 0 0 Not sampled Qa None No Nl No Completed & P&A in 1963. Stimulation unlikely. 
24-14 Invert Yesu Yes 0 11 TPH: 3910 (n-4) 0 4,000 0 Not sampled Qa P59499.0W No No Yes Well completed in 1963. No documented stimulation 

(34m,330m,NW) but completion record not reviewed by WOGCC 
P24502.0P (2014). Production records from 1978. No produced 
(55m.360m, E) water lllltil 2004 but sundry notice for offsite disp:::lsal 
PGDW34 of production fluids in Jan 1998. 
(31m,474m, NE) 
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44-20 Invert Yesu No No 0 Not sampled 0 0 Not sampled Twdr P9334.0P No NI Yes Well completed and P&A in 1964. Stimulation or 
(6m,430m, SW) production unlikely. Further investigation by WOGCC 

dependent on confirmation of nearby domestic well. 
23X-24 Invert Yesu No No 0 Not sampled 0 0 Not sampled Qa None No NI No Well completed and P&A in 1964. Stimulation or 

production unlikely. 
44-17 Invert Yesu No No 0 Not sampled 0 0 Not sampled Qa PGDW03 No NI Yes Well completed and P&A in 1964. Stimulation or 

(l37m,265m,SE) production unlikely. No investigation recommended by 
PGDW04 WOGCC if no nearby domestic wells. 
(l34m,35lm,SE) 
Pl20203.0W 
(l37m,255m, W) 
P23056.0P 
(ll6m,255m, W) 

34-33 Invert Yesu No 0 0 Not sampled 0 0 Not sampled 0 None No NI No Well completed in 1964. P&A unknown No 
information on stimulation or production. 

33X-l0 Invert Yesu Yes Yes 0 Sample data not available ~560 1.000 0 Not sampled Qa PGDW14 Yes No Yes Acid stimulation and well completion in 1964. 
(58m.224m,NW) Hydraulic fracturing in 1965 with "salt water .. flowto 
PGDW23 pit." P&A in 1983. Invert mud up to 10% oil. 
(53m,l72m,SE) Production records from 1978. No produced water to 
(PGDW44 1983. 
229m,l02m,NW) 
P24508.0P 
(53m.365m,SE) 

24X-3 Invert Yesu Yes Yes 9 GRO: 9,200 (n~l5) ~1.000 1.000 ll GRO: 45.200 (n~38) Qa P66345.0W No VRP VRP Well completed in 1965. Acid stimulation with solvent 
DRO: 3.300 (n~l5) DRO: 59.000 (n~38) (2lm.258m,NW) in 1966. No description of where flowback and other 
Benzene: 4.2 (n~l5) Benzene: 1,960 (n~38) production fluids were disposed. Production records 
Toluene: ND (n~l5) Toluene: 0.17 (n~38) from 1978 with 9 bbls produced water in 1986 and 
Ethylbenzene: 110 (n~l5) Ethylbenzene: 950 (n~38) increasing to 9,653 bbls after 1995. Invert mud up to 
Total Xylenes: 750 (n~l5) Xylenes: 4.200 (n~38) 55% oil. Slllldry notice for offsite disposal of 
Naphthalene: 8.6 (n~ll) Naphthalene: 267 (n~lO) production fluids in Jan 1998. Grolllld water 

monitoring ongoing. A remedial alternatives 
evaluation report is being drafted by Encana. 

14-ll Invert Yesu Yes 0 12 GRO: 7,400 (n-13) ~940 1.000 8 GRO: 91)00 (n-79) Qa PGDW46 No VRP VRP Well completed in 1965. Well completionreport and 
DRO: 7,800 (n~l3) DRO: 78.000 (n~79) (l5m,ll9m,W) information on stimulation not available. Productioo 
Benzene: ND (n~4) Benzene: 476 (n~79) P31805.0W records from 1978. No produced water lllltil2005 but 
Toluene: ND (n~4) Toluene 15 (n~79) (3lm,l32m,SE) sundry notice for offsite disposal of production fuids 
Ethylbenzene: 5.1 (n~4) Ethylbenzene: 60 (n~79) P69549.0W in Jan 1998. Remedial Agreement submitted to 
Total Xylenes: 5.1 (n~4) Xylenes: 68 (n~79) (3lm,l32m,SE) WOGCC entailing limited additional soil excavation 
Naphthalene: 15 (n~6) Naphthalene: 486 (n~46) (Samewel!O) and grolllld water monitoring by Encana. 

13-13 "ChemGel" Yesu Yes Yes 0 Not sampled 0 0 Not sampled 0 None No !',1 No Well completed in 1966. P&A date llllknown. 
Hydraulic fracturing with undiluted diesel fuel, 1 ~lo 
HCl, and 4% "salt water" in 1965. No description of 
where flowback and other production fluids were 
disposed. 

31-15 Invert Yesu Yes 0 12 TPH: 70 (n-6) 1.500 5,500 0 Not sampled Qa PGDWll No 0 0 Well completed in 1968. Information on completion 
(Confirmation sample) (l07m.230m,NE) missing. Production records from 1978 ¥~ith 8 bbls 

produced water in 1988 and increasing to 1,493 bbls 
after 2004. No description of where produced water 
was disposed. Sundry notice for offsite disposal of 
production fluids in Jan 1998. Recommendation of 
further investigation pending -no soil sample in area 
with highest PID reading (WOGCC 2015) 

32-9 Invert Yesu No No 0 Not sampled 0 0 Not sampled Qa PGDW42 Yes !',1 Yes Well completion and P&A after in 1968. No apparent 
(6lm,375m.NW) stimulation or production. Investigation recommended 

by WOGCC because of proximity to a domestic well. 
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WEL "Chern Gel" Yesu Yes Yes 8 GRO: ND (n-8) 0 1,000 2 GRO: < 0.1 mg/1 (n-2) Qa PGDW30 Yes Yes No Well completed in 1972. P&A in 1981. Acidized in 
DRO: 390 (n~8) DRO: 0.32 mg;l (n~2) (79m,36lm,SE) Frontier formation with HCl and KCl solutions in 
BTEX: not analyzed BTEX: <1 - <5 ~g/1 (n~2) PGDW40 1971. Potential \Vellhead leak and discharge to "pit' 
Naphthalene: 0.22 (n~l) Naphthalene: <1 ~gil (n~2) (67.lm,470m,NE) discussed in memorandum in 1980. Encana (2015) 

stated that a pit could not be identified. 
41X-10 Invert Yesu Yes Yes 7 GRO:ND(n-1) 0 2 GRO: ND (n-2) Qa PGDW30 Yes No Yes Well completed in 1973. P&A in 1981. Invert mud 

DRO: ND (n~l) DRO: ND (n~2) (79m,273m,N) contained up to 78% oil while drilling. In 1973 and 
Sample data not in well file BTEX: ND (n~2) PGDW49 1979, hydraulic fracturing with KCl water, gelled KCl, 

Sample data not in well file (15m,335m,E) solvents, surfactants, and N 2 foam. No description of 
where flowback and production fluids were disposed. 
P&A due to parted casing and water production. No 
production record. 

41X-2 Invert Yesu Yes 0 6 TPH: 1190 (n 2) 0 2,500 0 Not Sampled Qa None No Yes No Invert mud up to 76% oil. No documented stimulation 
or gas production. Sundry notice for offsite disposal of 
production fluids in Jan 1998. 

31X-3 Invert Yesu Yes 0 17 GRO: 66 (n 24) 4,392 1,000 5 GRO: 300 (n 5) Qa Pl97335.0W No Yes No Well completed in 1973. No documented stimulation 
DRO: 1200 (n~24) DRO: 2,700 (n~5) (0,30lm,NW) lllltil 2001. Production record from 1983 with 29 bbls 
Benzene: ND (n~l8) Benzene: ND (n~5) Pl97336.0W in 1986 and 1987. No description of where produced 
Toluene: ND (n~l8) Toluene: ND (n~5) (0,304m,J',~ \Vater was disposed. Increased to 1,215 bbls after 2004. 
Ethylbenzene: ND (n~l8) Ethylbenzene: 2.4 (n~5) Sundry notice for offsite disposal of production fluids 
Xylenes: ND (n~l8) Xylenes: ND (n~5) in Jan 1998. 
Naphthalene: 0.34 (n~l) Naphthalene: ND (n~l) 

42X-ll Invert Yesu Yes 0 8 GRO: 580 (n-11) ~900 1,000 7 GRO: 50,000 (n- 59) Qa None No VRP VRP Well completed in 197 4. No docu~nted stimulation 
DRO: 450 (n~ll) DRO: 31,000 (n~59) but completion record not reviewed by WOGCC 
Benzene: ND (n~ll) Benzene: 240 (n~55) (2014). Production record from 1983 with 9 bbls 
Ethylbenzene: 0.52 (n~ll) Toluene: 25 (n~55) produced water in 1986. No description of where 
Toluene: ND (n~ll) Ethylbenzene: 240 (n~55) produced water was disposed. Increased to 222 bbls 
Xylenes: 1.1 (n~ll) Xylenes: 620 (n~55) after 2004. Sundly notice for offsite disposal of 
Naphthalene: 0.58 (n~2) Naphthalene: 236 (n~32) production fluids in Jan 1998. Encana evaluating 

alternatives for final remedy and ground water 
monitoring. 

42X-12 Invert Yesu Yes Yes 5 GRO: ND (n-5) 280 2,500 0 Not sampled Qa None No Yes No Completed in 197 4. Acid stimulation in 197 4. No 
DRO: 1,100 (n~5) description of where flowback and production fluids 
BTEX: ND (n~l) were disposed. Production record from 1983. No 

produced water lllltil 2004 after which 295 bbls 
produced. Slllldry notice for offsite disposal of 
production fluids in Jan 1998. 

31X-14 Invert Yesu Yes 0 6 TPH: ND (n-5) ~260 2,500 0 Not sampled Qa PGDW34 No 0 0 \\'ell completion in 1974. No documented stimulation. 
(confirmation sample) (31 m,518m,S) Production records from 1983 with 6,546 bbls water in 

P44255.0W Feb 1985,4 bbls in 1986 and4 bbls in 1988. No 
(69m,l48m,N) description of where produced water was disposed. 
P41320.0W After 2007,7,691 cumulative bbls water. Sundry 
(3lm,l48m,N) notice for offsite disposal of production fluids in Jan 
P99671.0W 1998. Further investigation recommend by WOGCC 
(17m,l48,!',~ pending review of pre-excavation samples. 

CCD Invert Yesu No No 0 Not sampled 0 0 Not sampled Qa Converted to No !',1 No Well completion and P&A after completion in 1974. 
9441.0P Stimulation or production unlikely. No evidence of 
(177m,45m,W) converted well sampled. 

TRl-22 Invert Yesu Yes Yes 0 Not sampled 0 0 Not sampled Qa PGDW48 No NI Yes Well completion in 1976. Acid stimulationand 
(116m,397m,NW) hydraulic fracturing in 1980. No description of where 
PGDW35 flowback and production fluids were disposed. P&A 
(88m,449m,J',~ 1986. Well production file starts in 1978 with 5,281 

bbls produced water between 1978 and 1986 
1-21 Invert Yesu No No 0 Not sampled 0 0 Not sampled Qa None No NI No Well completion andP&A in 1976. Stimulation or 

production lllllikely. Investigation recommended by 
WOGCC pending confirmation of nearby domestic 
wells. No evidence of former well pad- no further 
investigation recommended (Encana 201 5) 
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TP 1 Invert Yesu Yes 0 0 Not sampled 0 0 Not sampled Qa None No Nl No Well completion in 1976. P&A date unknmvn. No 

record of stimulation. Well production file starts in 
1978 with 5,607 bbls produced \Vater from 1978 to 
1980. No description of where produced water was 
disposed. 

1-31 Invert Yesu Yes 0 0 Not sampled 0 0 Not sampled 0 PGDW06 No Nl No Well completion in 1976. P&A in 1977. Well 
(116m,34lm,SE) completion report not available. 
PGDW12 
(116m,49lm,NW) 

TUl Invert Yesu Yes 0 0 Not sampled 0 0 Not sampled Qa None No NI No Completed in 1976. P&A in 1982. No record of 
stimulation but completion record not reviewed by 
WOGCC (2014). Well production file starts in 1978 
with220 bbls produced water from 1978 to 1982. No 
description of where produced \Vater was disposed. 
Encana (201 5) states that there is no evidence of 
former well pad. 

4-8 Invert Yesu Yes Yes 6 GRO: ND (n-6) 0 1,000 2 GRO: 5,200 (n-2) Qa PGDW41 Yes VRP VRP Well completed in Mar 1977. Hydraulic fracturing in 
DRO: 32 (n~6) DRO: 13,000 (n~2) (2lm,42lm,SE) 1977 \vith "gel water" and N2. No description of where 
Naphthalene: 5.3 (n~3) Benzene: 110 (n~2) P66345.0W flowback and production fluids were disposed. 

Toluene: 250 (n~2) (2lm,407m,SE) Production file starts in Jan 1978 with 36,978 bbls 
Ethylbenzene: 240 (n~2) water from Jan 1978 to Dec 1993. No description of 
Xylenes: 1,200 (n~2) where produced water was disposed. Encana (201 5) 
Naphthalene: 72 (n~2) drafting report for site closure. 

34-13 Invert Yesu Yes 0 0 Not sampled 0 0 Not sampled 0 Pl97335.0W No NI No Well completion in 1977. P&A date llllknown. \Vell 
(0,632m,SE) production file starts in 1978 with 290 bbls produced 
Pl97336.0W water from 1978 to 1979. No description of where 
(0,626m,SE) produced water was disposed. 

T24-ll Invert Yesu No No 0 Not sampled 0 0 Not sampled Twdr None No NI No Well completed andP&A in 1978. Stimulation or 
production lllllikely. 

24-4 Invert Yesu No No 0 Not sampled 0 0 Not sampled Qa None No N1 No Well completed and P&A in 1978. Stimulation or 
production lllllikely. 

44-15 Invert Yesu Yes Yes 6 TPH: 486 (n-1) 0 5,500 0 Not sampled Qa PGDW48 No No Yes Well completed in 1978. Acid stimulation in 1976 and 
(116m,329m,SW) 1978 with HCl and KCl solutions. No description of 
PGDW35 where flmvback and production fluids were disposed. 
(88m,374m,W) Production file starts in 1983. No produced water 
Pl08128.0W production from 1983 to 2005. Slllldrynotice for 
(116m,ll5m,W) offsite disposal of production fluids in Jan 1998. 
Pl46856.0W 
(116m,ll5m,W) 

21-11 Invert Yesu Yes Yes 0 Sample results not available 100 1,000 0 Sample results not Qa PGDW26 No VRP VRP Well completed In 1979. Acid stimulation in 1979 
in pit report (WOGCC 2015) available in pit report (20m,229m,W) with HCl solution and additives. Hydraulic fracturing 
or online. (WOGCC 2015) or online. in 1979 with "YE4P5D" fluid. No description of where 

flowback and production fluids were disposed. 
Production file starts in 1983. No produced water until 
2005. Slllldrynotice for offsite disposal of production 
fluids in Jan 1998. Soil and ground water sampling 
data not available. Grolllld water and additional soil 
data were co11ected in October 2014. Encana (2015) is 
preparing a Supplemental Site Characterization repcrt 
to recommend site closure. 
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12-13 Invert Yesu Yes Yes 4 GRO: ND (n-4) 0 1,000 0 Not sampled Qa PGDW32 Yes No Yes Well completed in 1979. Acid stimulation with HCl 

DRO: ND (n~4) (206m,173m,NE) and KCl solution in 1979. Hydraulic fracturing \vith 
BTEX: ND (n~I) PGDW33 "versa gel" in 1981. No description of where flowback 

(9m,134m,S) and production fluids were disposed. P&A in 2001. 
P22662.0P Production records from 1983 with 18 bbls produced 
(9m,135m, S) water between1986-1989. No description of where 
P22660.0P produced water was disposed. Sundry notice for offsite 
(53m,280m,J',') disposal of production fluids in Jan 1998. 

41-9 Invert Yesu Yes Yes 13 TPH: 3700 (n-8) ~1,200 4,000 0 Not sampled Qa PGDW43 No No Yes Well completion in 1979. Acid stimulation with HCl, 
(0,176m,NW) KCl solution and additives in 1979 "t1owed topit."No 

produced water production unti11999 after \Vlrich 
15,593 bbls produced most of which was after 
recompletion in 2004. Slllldry notice for offsite 
disposal of production fluids in Jan 1998. 

TU2 Invert Yesu Yes Yes 0 Not sampled 0 0 Not sampled Qa P24502.0P No Nl No Well completion, acid stimulation, andP&Ain 1979. 
(55m,466m,NE) No description of where t1owback \Vas disposed. 

22-10 Invert Yesu Yes Yes 6 TPH: 201 (n-1) 0 7,000 0 Not sampled Qa PGDW14 Yes No Yes Well completion in 1979. Acid stimulatirn using HCI 
(58m,399m,E) and KCl solutions with additives in 1979. "Flowed to 

PGDW44 pit." Production record from 1983. No produced water 
(229m,508m,E) lllltil after recompletion in 2005. Slllldry notice for 

offsite disposal of production t1uids in Jan 1998. 
Gl invert Yesu No No 0 Not sampled 0 0 Not sampled PGDW15 No Nl No Well completion andP&A in 1979. StimulatDn or 

(31m,469m,J','E) production lllllikely. 
PGDW13 
(0,488m,NW) 

21-15 Invert Yesu Yes Yes 7 GRO: 76 (n 1) 0 8,500 0 Not sampled Twdr PGDW47 Yes 0 0 Well completion in 1979. Acid stimulation \vith 
DRO: 401 (n~I) (148m,350m,N) additives in 1979 and 1982."Flw'd to pit" Hydraulic 

P120049.0W fracturing with "Y-F4PSD" "Flow to pit'' in 1979. In 
(148m,384m,J>,') letter to BLM dated 8/14/2012 concerning of 1,000 

gallons of a 15% HCl solution in "compromised" 
casing between 735 to 1,105 feet below ground 
surface. Production records from 1983. No produced 
water lllltil 2008. Sundry notice for offsite disposal of 
production t1uids in Jan 1998. Further investigatioo 
dependent upon consideration of domestic wells. 

44-10 Invert Yesu Yes Yes 10 TPH: 2920 (n-6) ~60 5,500 0 Not sampled Qa PGDW23 No No Yes Invert mud 15-20% water. Well completed in 1979. 
(53m,253m,N) Acid stimulation in 1979."Flowing to pit avg 4 
PGDWII bpm ... bled well to pit" Production records from 1983 
(107m,388m, S) with 10 bbls water in 1986. No description ohvhere 
P200885.0W produced water was disposed. Sundry notice for offsite 
(0,199m,E) disposal of production fluids in Jan 1998. 
P24508.0P 
(53m,306m, N) 

22-12 Invert Yesu Yes Yes 8 GRO: 120 (n-9) ~40-60 1,000 5 GRO: 2,900 (n-5) Qa PGDW20 Yes VRP VRP Well completion 1980. In 1979 and 1980, acid 
DRO 850 (n~9) DRO: 3,500 (n~5) (140m, 172m, SE) stimulation with HCI solution and additives. In 1980, 
BTEX: ND (n~I) Benzene: ND (n~5) LD02 hydraulic fracturing with "Titan III-30 gel" and B-11 

Toluene: ND (n~5) (186m, 172m, SE) gel breaker" t1ushed with 2% KCl solution. No 
Ethylbenzene: 120 (n~5) description of where flowback and production fluids 
Xylenes: 610 (n~5) were disposed. No produced water llllti11995 after 

which 288 bbls produced. No description of where 
produced water was disposed. Slllldry notice for offsite 
disposal of production fluids in Jan 1998. Encana 
(2015) continuing grolllld water monitoring. 

11-14 Invert Yesu Yes Yes 5 TPH: 16 (n-5) 0 4,000 0 Not sampled Qa P29496.0P No No Yes Well completion in 1980. Acid stimulation in 1980. No 
(40m,164m, E) description of where flowback and production fluids 
P91293.0W were disposed. Production record from 1983. No 
(3m,254m, W) produced water until 2004 after which 12,722 bbls 

water produced. Sundry notice for offsite disposal of 
production t1uids in Jan 1998. 

16-28 KCIPolymer Yesu No 0 0 Not sampled 0 0 Not sampled 0 None No Nl No Well completion in 1980. P&A date llllknown. Well 
completion report not available. 
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F 1-17 Invert Yesu No No 0 Not sampled 0 0 Not sampled Qa P9517l.OW No Nl Yes Well completion and P&A in 1980. Stimulation or 
(26m,404m W) production unlikely. Recommendation pending 
P65lll.OW confirmation of presence of nearby domestic wells 
(27m,404m W) (WOGCC 2015). 

14-2 Invert Yesu Yes Yes 0 Sample results not in pit so 1,000 0 Sample results not in pit Qa PGDWOS Yes VRP VRP Well completion in 1981. On 1/18/1981, "operator 
report (WOGCC 2015) nor report (WOGCC 2015) nor (64m,299m,SE) noticed large gas flow from SI well ... flow was from 
posted online. posted online. PGDW45 partially opened valve on 8 5/8 x 5 ~'2 in arnmlus ... laid 

(3lm,272m,SE) line to pit+ started flowing to pit...Circ 180 bbls ... gel 
PGDW40 salt water ... in arnmlus ... eire fluid to pit. .. top of cmt 
(67m,357m,NW) very poor." Acid stimulation in 198I using HCl and 

KCl solutions. On 3/IIII98I, "well flowing to 
pit ... approx. 500 bbls wtr." On 3/26/I98I "reversed 
acid to pit." Hydraulic fracturing in 1981 using 
"YF4PSD, gelled water, J-347 gelling agent, J-218 
breaker, J-2I8 breaker, J-318 breaker aid" and other 
additives. "Swabbed to pit" On 4/6/1981. "Well 
producing approx. 75 bbls wtr per day ... well died to 
wtr build up." On 2/23/1983, surface damages paid for 
"inverted mud blow out" on I/I8/198I and 
"condensate blow out" in Oct I982. No produced 
water documented llllti12005. Slllldrynotice for offsite 
disposal of production fluids in Jan I998. Pit \Vas 
reinstated into the VRP program in July 20I4. Soil 
borings and grolllldwater monitoring wells installed in 
October 20I4. Encana is drafting a report 
recommending site closure. 

1-8-IB Invert Yesu No No 0 Not sampled 0 0 Not sampled Twdr None No NI No Well completionandP&A in I98I. Well completion 
report not available. Stimulation or production 
unlikely. 

21-9 Invert Yesu Yes Yes 47 GRO: 700 (n-67) ~8,522 1,000 4 GRO: ND (n-4) Qa PGDW42 Yes No Well completion in I981. Acid stimulation in 1981. 
DRO: 39,000 (n~67) DRO: 880 (n~4) (6lm,237m,SE) Hydraulic fracturing in I98I using "gelled water." 
Benzene: ND (n~49) BTEX: ND (n~4) P&A in I992. II bbls produced water in 1986. No 
Toluene: 0.094 (n~47) description of where flowback and production fluids 
Ethylbenzene: 2.4 (n~47) were disposed. 
Xylenes: 20 (n~47) 

12-3 Invert Yesu Yes Yes s TPH: 161 (n-5) 0 5,000 0 Not sampled Qa P66345.0W No 0 0 Acid stimulation in 1981. No description of where 
(2lm,327m,S) flowback and production fluids \Vere disposed. Slllldry 
PGDW41 notice for offsite disposal of production fluids in Jan 
(2lm,524m,SW) I998. No produced water llllti12005 after which I,270 

bbls produced. Incorrect site photo and borehole legs 
in investigative report. Recommendation for additimal 
investigation will be based upon file review. 

RHl Invert Yesu No No 0 Not sampled 0 0 Not sampled Qa PGDW03 No NI Yes Well completion andP&A in 1981. Well con:pletion 
(137m,382m,SE) report not available. Stimulation or production 
PGDW04 unlikely. 
(134m,52lm,SE) 
Pl20203.0W 
(137m,377m,S) 
P23056.0P 
(116m,377m,S) 

1-4 Invert Yesu Yes Yes 0 Not sampled 0 0 Not sampled Qa None No NI No Acid stimulation and hydraulic fracturing during well 
completion in 1982. No description of where flowback 
and production fluids were disposed. Also, 2,867 bbls 
produced water by Jan 1993 and 4,I24 bbls produced 
water by Jan I998. No description of where produced 
water was disposed. 

14-24 KClPolymer Yesu Yes Yes 0 Not sampled 0 0 Not sampled Twdr None755m,SW) No NI No Well completion and P&A in 1982. Acid stimulation in 
I982. No description of where flowback and 
production fluids were disposed. 
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A-1 Invert Yesu Yes Yes 0 Not sampled 0 0 Not sampled 0 None No NI No Well completed in 1983. Acid stimulation and 

hydraulic fractming in 1983. No description of where 
flowback and production fluids were disposed. Also, 
7,072 bb1s produced water from 1991 to 1995. No 
description of where produced water was disposed. 

1-15 Invert Yesu Yes Yes 0 Not sampled 0 0 Not sampled Qa None No NI No Well completion 1983. Acid stimulation and hyciaulic 
fracturing with KCl solution and "gel water" in Cody 
Formation in 1983. P&A in 1990. 19 bbls produced 
water in 1983. No description of where flowback, 
produced water, and other production fluids \Vere 
disposed 

B-1 Invert Yesu Yes Yes 0 Not sampled 0 0 Not sampled 0 None No NI No Well completion and P&A in 1984. Acid stimulatDn in 
1984 with HCl and HF solutions. Hydraulic fracturing 
in 1984 with lllldiluted diesel fuel. No description of 
where flowback was disposed. 

33-11 KC1polymer YesL No Yes 0 Multiple locationsw 0 0 Not sampled Qa Not evaluated No NI No Well completion in 1993. Drilling mud samples up 
27,000 mgi1 Cl. Acid stimulation in 1993. Hydraulic 
fracturing in 1993 using C02 foam. 1,442 bbls 
produced water by Jan 1998. No description of where 
flowback, produced water, and other potential 
production fluids \Vere disposed. Slllldry notice for 
offsite disposal of production fluids in Jan 1998. 
Encana states that cuttings were buried at offsite 
location north of a rock out crop near Tribal Pavillion 
42X-11. A nearby monitoring well 5 showed no 
indication of contamination. 

12-11 KC1polymer YesL No Yes 0 Multiple locations w 0 0 Not sampled Qa Not evaluated Yes !',1 No Well completion in 1993. Drilling mud up to 22,000 
mg/1 Cl. Hydraulic fracturing with C02 foam and KCl 
solution in 1993. No description of where flowback 
was disposed. No produced water lllltil recompletion in 
2004. Slllldrynotice for offsite disposal of production 
fluids in Jan 1998. Investigation recommended by 
WOGCC at one pit containing KCl polymer. 

11-10 KC1polymer YesL No No 0 Multiple locations\,\· 0 0 Not sampled Qa Not evaluated No NI No Well completion in 1993. No apparent stimulation 
prior to recompletion in 2004. 5,508 bbl produced 
water from Jan 1994- Jan 1998. No description of 
where produced water was disposed. Sundry notice for 
offsite disposal of production fluids in Jan 1998. 
Encana states that although a concrete pad is at this 
location, there is no documentation that it was used. 

42-10 KC1polymer YesL No Yes 0 Multiple locations\,\· 0 0 Not sampled Qa Not evaluated Yes NI No Well completion in 1994. Acid stimulation in 1994. 
3,025 bb1 produced water from Jan 1994- Jan 1998. 
No description of where flmvback and produced water 
were disposed. Sundry notice for offsite disposal of 
production fluids in Jan 1998. Investigation 
recommended by WOGCC at one pit containing KCl 
polymer. 

31-10 KC1polymer Yesc No Yes 0 Multiple locations w 0 0 Not sampled 0 Not evaluated Yes !',1 No Well completion in 1994. Acid stimulation in 1994. 
3,850 bbls produced water from Jan 1994- Jan 1998. 
No description of where flowback and produced water 
were disposed. Sundry notice for offsite disposal of 
production fluids in Jan 1998. 
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23-10 KClpolymer YesL No Yes 0 Multiple locationsw 0 0 Not sampled Twdr Not evaluated Yes NI No Well completion in 1994. Acid stimulation and 

hydraulic fracturing with N2 foam in 1994. No 
description of where flowback was disposed. 23,700 
bbls produced water from Jan 1994- Jan 1998. Sundry 
notice dated 4/27/1995 requesting approval to store 
produced \Vater in a 210 bbl steel tank for offsite 
disposal. Slllldry notice for offsite disposal of prod 
fluids in Jan 1998. Investigation recommended by 
WOGCC at one pit containing KCl polymer 

43-!0 KClpolymer YesL No Yes 0 Multiple locations w 0 0 Not sampled Qa Not evaluated Yes !',1 No Well completion in 1994. Mud pit sample 9,500 mg/l 
Cl. Acid stimulation and hydraulic fracturing using N 2 

foam in 1994. 85 bbls produced water in 1995. No 
description of where flowback and produced water 
were disposed. Slllldry notice for offsite disposal of 
production fluids in Jan 1998. Part of cuttings pit 
exposed due to movement of landowner road. 

33·2 KClpolymer Yesc No Yes 0 Multiple locations~,~.· 0 0 Not sampled 0 Not evaluated No NI No Acid stimulation in 1994. 269 bbl produced water Jan 
1994- Jan 1998. No description of\vhere flmvback 
and produced water was disposed. Sundry notice for 
offsite disposal of production fluids in Jan 1998. 

23·! KClpolymer YesL No Yes 0 Multiple locations w 0 0 Not sampled Twdr Not evaluated No !',1 No Mud pit sample 36,360 mg/l Cl. Acid stimulation in 
!994. 200 bbl produced water from Jan !994-Jan 
1998. Slllldrynotice dated 4/27/1995 to store produced 
water in 70 bbl steel tank for offsite disposal. Slllldry 
notice for offsite disposal of production fluids in Jan 
1998 -llllclear how production fluids were disposed of 
prior to this date. Investigation recommended by 
WOGCC at one pit containing KCl polymer 

4!-!5 KC!Polymer Yesc No Yes 0 Multiple locations w 0 0 Not sampled 0 Not evaluated No !',1 No Mud pit sample 35,150 mg/1 Cl. Acid stimulation and 
hydraulic fracturing using N2 foam in 1994. "Let well 
open to test tank" Slllldry notice for offsite dispoSll of 
production fluids in Jan 1998 -llllclear how 
production fluids were disposed of prior to this date. 
Completion record not reviewed by WOGCC (2014). 

43-6 KC!Polymer 0 No Yes 0 Multiple locationsw 0 0 Not sampled 0 Not evaluated No NI No Acid stinrulation in 1995. No produced water lllltil 
2008. Slllldrynotice for offsite disposal of production 
fluids in Jan 1998 -unclear how production fluids 
were disposed of prior to this date. 

23-I 1 KClpolymer No No NA NA NA NA NA NA NA NA NA NA NA NA 
3!-IIX KClpolymer 0 No No 0 Multiple locations~,~.· 0 0 Not sampled 0 Not evaluated NA !',1 No No well site disposal of production fluids. 
!3X-3 PHPNLSND No No NA NA NA NA NA NA NA NA NA NA NA NA 
42X·9 LSND YesL No No 0 Multiple locations w 0 0 Not sampled Qa Not evaluated NA !',1 No No well site disposal of production fluids. 
41-II LSND No No NA NA NA NA NA NA NA NA NA NA NA NA 
33-!0 PHPNLSND 0 No No 0 Multiple locationsw 0 0 Not sampled 0 Not evaluated NA NI No No well site disposal of production fluids. 
33-3 PHPA YesL No No 0 Multiple locations~,~.· 0 0 Not sampled Qa Not evaluated NA NI No No well site disposal of production fluids. 
44-3 PHPNLSND YesL No No 0 Multiple locations~,~.· 0 0 Not sampled Qa Not evaluated NA NI No No well site disposal of production fluids. 
!5-2 IX Invert 0 No No 0 Not sampled 0 0 Not sampled Qa Not evaluated NA NI No No well site disposal of production fluids. Disposal of 

"solidified" invert mud and cuttings unknovn1. En cam 
states that cuttings were "solidified" 

32-!0 LSND YesL No No 0 Multiple locations~,~.· 0 0 Not sampled Qa Not evaluated NA NI No No well site disposal of production fluids. 
!3-11 PHPA Yesc No No 0 Multiple locations~,~.· 0 0 Not sampled 0 Not evaluated NA NI No No well site disposal of production fluids. 

21·!3 DeepDrilHt Yesc No No 0 Multiple locations~,~.· 0 0 Not sampled 0 Not evaluated NA NI No No well site disposal of production fluids. 
43·2 UnknownR Yesc No No 0 Multiple locations~,~.· 0 0 Not sampled 0 Not evaluated NA NI No No \Veil site disposal of production fluids. 
!3·2 DeepDrill® Yesc No No 0 Multiple locations w 0 0 Not sampled 0 Not evaluated NA !',1 No No well site disposal of production fluids. 
24·1 LSND No No NA NA NA NA NA NA NA NA NA NA NA NA 
32·1 LSND YesL No No 0 Multiple locationsw 0 0 Not sampled Twdr Not evaluated NA NI No No well site disposal of production fluids. 
34·2 LSND Yesc No No 0 Multiple locations w 0 0 Not sampled 0 Not evaluated NA !',1 No No well site disposal of production fluids. 
!2·6 DeepDlill 0 No No 0 Multiple locations w 0 0 Not sampled 0 Not evaluated NA !',1 No No well site disposal of production fluids. 
44·1 LSND YesL No No 0 Multiple locationsw 0 0 Not sampled Twdr Not evaluated NA NI No No well site disposal of production fluids. 
!4-!0 DeepDrill® 0 No No 0 Multiple locations~,~.· 0 0 Not sampled 0 Not evaluated NA NI No No well site disposal of production fluids. 
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13-15 PHPA Yesc No No 0 Multiple locationsw 0 0 Not sampled 0 Not evaluated NA Yesc No No well site disposal of production fluids. 

12-IIW LSND 0 No No 0 Multiple locations~,~.· 0 0 Not sampled 0 Not evaluated NA 0 No No well site disposal of production fluids. 

34-3R PHPA Yesc No No 0 Multiple locations\\· 0 0 Not sampled 0 Not evaluated NA Yesc No No well site disposal of production fluids. 
11-11 PHPA Yesc No No 0 Multiple locationsw 0 0 Not sampled 0 Not evaluated NA Yesc No No well site disposal of production fluids. 
12-5 PHPA 0 No No 0 Multiple locations w 0 0 Not sampled 0 Not evaluated NA 0 No No well site disposal of production fluids. 
13-12 LSND Yesc No No 0 Multiple locationsw 0 0 Not sampled 0 Not evaluated NA Yesc No No well site disposal of production fluids. 

34-11 "gel" Yesc No No 0 Multiple locationsw 0 0 Not sampled 0 Not evaluated NA Yesc No No well site disposal of production fluids. 
13-1 LSND YesL No No 0 Multiple locationsw 0 0 Not sampled Twdr Not evaluated NA 0 No No well site disposal of production fluids. 

11-12 LSND Yesc No No 0 Multiple locations\'' 0 0 Not sampled 0 Not evaluated NA Yesc No No well site disposal of production fluids. 

21-10 LSND Yesc No No 0 Multiple locations w 0 0 Not sampled 0 Not evaluated NA Yesc No No well site disposal of production fluids. 
43-1 PHPA YesL No No 0 Multiple locations w 0 0 Not sampled Twdr Not evaluated NA 0 No No well site disposal of production fluids. 
33-1 LSND YesL No No 0 Multiple locationsw 0 0 Not sampled Twdr Not evaluated NA 0 No No well site disposal of production fluids. 

12-7 LSND Yesc No No 0 Multiple locationsw 0 0 Not sampled 0 Not evaluated NA Yesc No No well site disposal of production fluids. 

21-IOW LSND NoD No NA NA NA NA NA NA NA NA NA NA NA NA 
23-12 LSND Yesc No No 0 Multiple locations\\· 0 0 Not sampled 0 Not evaluated NA Yesc No No well site disposal of production fluids. 
44-2 0 0 No No 0 Multiple locations w 0 0 Not sampled 0 Not evaluated NA 0 No No well site disposal of production fluids. 
31-9 LSND YesL No No 3 GRO ND(0.5) (n 3) 0 1,000 0 Not sampled Qa Not evaluated NA 0 No No well site disposal of production fluids. 

DRO l'iD(4) (n~3) 
SVOC: ND (n~I) 

34-10 LSND YesL No No 0 Multiple locations\\· 0 0 Not sampled Twdr PGDWII NA 0 No Lozier pit disposal area. No well site disPJsal of 
(1 07m,436m,SE) production fluid. 

34-1 LSND YesL No No 0 Multiple locations w 0 0 Not sampled Qa Not evaluated NA 0 No No well site disposal of production fluids. 
21-12 LSND YesL No No 0 Multiple locationsw 0 0 Not sampled Qa Not evaluated NA 0 No No well site disposal of production fluids. 
12-10 LSND Yesc No No 0 Multiple locationsw 0 0 Not sampled 0 Not evaluated NA Yesc No No well site disposal of production fluids. 

12-1 LSND YesL No No 0 Multiple locationsw 0 0 Not sampled Twdr Not evaluated NA 0 No No well site disposal of production fluids. 
42-3 LSND YesL No No 0 Multiple locations\\· 0 0 Not sampled Qa Not evaluated NA 0 No No \Vell site disposal of production fluids. 

22-1 LSND YesL No No 0 Multiple locations\\· 0 0 Not sampled Twdr Not evaluated NA 0 No No well site disposal of production fluids. 

33-IOW LSND No No NA NA NA NA NA NA NA NA NA NA NA NA 
41-3 LSND YesL No No 0 Multiple locations w 0 0 Not sampled Qa NA 0 No No well site disposal of production fluids. 
22-11 LSND No No NA NA NA NA NA NA NA NA NA NA NA NA 
43-11 LSND No No NA NA NA NA NA NA NA NA NA NA NA NA 
11-3 LSND No No NA NA NA NA NA NA NA NA NA NA NA NA 
41-10 LSND NoD No NA NA NA NA NA NA NA NA NA NA NA NA 
13-12W PHPA No No NA NA NA NA NA NA NA NA NA NA NA NA 
24-3B LSND No No NA NA NA NA NA NA NA NA NA NA NA NA 
11-IIB LSND No No NA NA NA NA NA NA NA NA NA NA NA NA 
31-11 LSND Yesc No No 0 Multiple locationsw 0 0 Not sampled 0 0 NA Yesc No No well site disposal of production fluids. 

23-3 0 No No NA NA NA NA NA NA NA NA NA NA NA NA 
32-11 LSND No No NA NA NA NA NA NA NA NA NA NA NA NA 
44-11 LSND No No NA NA NA NA NA NA NA NA NA NA NA NA 
42-9W LSND No No NA NA NA NA NA NA NA NA NA NA NA NA 
32-9W LSND No No NA NA NA NA NA NA NA NA NA NA NA NA 
32-IOB LSND NoD No NA NA NA NA NA NA NA NA NA NA NA NA 
13-llB LSND No No NA NA NA NA NA NA NA NA NA NA NA NA 
14-03W LSND No No NA NA NA NA NA NA NA NA NA NA NA NA 
12-2 LSND YesL No No 0 Multiple locations w 0 0 Not sampled Qa Not evaluated NA 0 No No well site disposal of production fluids. 
23-IOW LSND YesL No No 0 Multiple locations w 0 0 Not sampled Twdr Not evaluated NA 0 No No \Veil site disposal of production fluids. 
23-IOC LSND YesL No No 0 Multiple locationsw 0 0 Not sampled Twdr Not evaluated NA 0 No No well site disposal of production fluids. 

34-3B LSND No No NA NA NA NA NA NA NA NA NA NA NA NA 
24-2 LSND No No NA NA NA NA NA NA NA NA NA NA NA NA 
23-IOB LSND YesL No No 0 Multiple locationsw 0 0 Not sampled T\vdr Not evaluated NA 0 No No \Vell site disposal of production fluids. 

33-IOB LSND YesL No No 0 Multiple locationsw 0 0 Not sampled Twdr Not evaluated NA 0 No No well site disposal of production fluids. 

12-IIB LSND No No NA NA NA NA NA NA NA NA NA NA NA NA 
43-IOB LSND YesL No No 0 Multiple locations\\· 0 0 Not sampled Qa NA 0 No No well site disposal of production fluids. 

24-11 LSND NoD No NA NA NA NA NA NA NA NA NA NA NA NA 
31-IOB LSND NoD No NA NA NA NA NA NA NA NA NA NA NA NA 
33-IIB "water based" No No NA NA NA NA NA NA NA NA NA NA NA NA 
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44-11B LSND 
21-14 LSND 
13-10 LSND 
21-10B "water based" 

43-11B "water based" 

42-10B LSND 
22-11B "water mud" 

32-10C LSND 
22-11C LSND 
44-4 LSND 
12-12 "water based" 
33-2C LSND/PHPA 
13-2B 0 

43-4 LSND 
33-2B LSND 
14-3B DeepDrill® 
41-11B 0 

42-4B LSND 
21-11B LSND 
13-3W LSND 
41-10B LSND 
34-28 DeepDrill® 
32-3 LSND 
43-9 DeepDrill® 
22-3 "water based" 
44-3C 0 

32-2 "Ge1-Chem" 
33-12 "Ge1-Chem" 
14-21 KCL Polymer 

22-4 PHPA 
42-15 PHPA 
41-26 Water based 

Abbrevtattons 
? -Unknown 

~ sa 
1.: 'is :;;, = ;;,'li 
j;>;;E 
~Oil~ fl :;:3:5i ...:<,., s=E5 a~ ..,Q0 ... -t t ~ ~ ~~ :;;, ~i 
S:su fSf 
No No 
YesL No 
No No 
NoD No 
No No 
NoD No 
No No 
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No No 
No No 
No No 
No No 
No No 
No No 
No No 
No No 
0 No 
No No 
No No 
No No 
No No 
No No 
No No 
YesL No 

No No 
YesL No 
No No 

VRP- Voluntary Remediation Program 
PHPA- partially hydrolized polyacrylamides 
LSND - low solids non-dispersed drilling mud 
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0 Multiple locations~,~.· 0 0 Not sampled Qa 
NA NA NA NA NA NA 
NA NA NA NA NA NA 
NA NA NA NA NA NA 
NA NA NA NA NA NA 
NA NA NA NA NA NA 
NA NA NA NA NA NA 
NA NA NA NA NA NA 
NA NA NA NA NA NA 
NA NA NA NA NA NA 
NA NA NA NA NA NA 
NA NA NA NA NA NA 
NA NA NA NA NA NA 
NA NA NA NA NA NA 
NA NA NA NA NA NA 
NA NA NA NA NA NA 
NA NA NA NA NA NA 
NA NA NA NA NA NA 
NA NA NA NA NA NA 
NA NA NA NA NA NA 
0 Multiple locations w 0 0 Not sampled 0 

NA NA NA NA NA NA 
NA NA NA NA NA NA 
NA NA NA NA NA NA 
NA NA NA NA NA NA 
NA NA NA NA NA NA 
NA NA NA NA NA NA 
0 Multiple locations w 0 0 Not sampled Twdr 

NA NA NA NA NA NA 
0 Multiple locations w 0 0 Not sampled Qa 
NA NA NA NA NA NA 

DeepDrill® is a product ofNewpark Drilling Fluids and is described as a buffered blend ofpolyhydroxyl alcohols. No MSDS on this product was provided to EPA 
ND- non detect (reporting limit in report) 
NI- not investigated 
Qa- Quaternary Deposits 
Twdr- Wind River Formation 
n- number of samples 
NA- not applicable 

Superscripts 
D - Cuttings disposed at pit near 34-10 
C - Cuttings used for tank berms/tank battery or spread on surface at location 
L- Pits lined after 1993. 
U- Pits unlined prior to 1993 . 
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NA NA NA NA NA 

NA N1 No No well site disposal of production fluids. 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 

NA 1'<1 No No well site disposal of production fluids. 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 

NA 1'<1 No Well completion in2006. No \Vell site disposal of 
production fluids. Investigation recommended by 
WOGCC at one pit containing KCl polymer 

NA NA NA NA NA 
0 NA No No \Ve11 site disposal of production fluids. 
NA NA NA NA NA 

W- Cuttings for water-based mud sampled by Encana at 40 production wells between 2001 and 2006. All samples analyzed for TPH with highest TPH value of 645 mg:kg. Two samples were analyzed for chloride (115 and 215 mykg). Data set not 
available. 
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Table SI F3. Smrunary of detection of light hydrocarbons and organic compounds in domestic wells less than and greater than 600 m from unlined pits. Concentrations in 11g/L 
unless otherwise indicated. 

~ ~ ~ = ,. =-
~ ~ a ,. ,. 

Domestic Wells< 600 m from unlined pits potentially receiving production fluids 
PGDW05 

PGDW06 
PGDWll 
PGDW14 

PGDW20 

PGDW20 
(carbon trap) 
PGDW20 
(RO filter) 
LD-02 

PGDW21 
PGDW22 

Mar-09 
"ja;:ia··---
-Ap;-ii" ----
-Ap;-i2·----

"ju;,:i4----­
-A;;g-"14-----

Mar-09 
Mar-09 
Mar-09 

"Aj,;.ii" ---­
"ju;,:i4" """" 

-A;;g:]4"----

Mar-09 
-----------Jan-10 
-----------Oct-10 
"Aj,;.ii" ---­
"Aj,;.i2·---­
-ju;,:i4-----
-A;;g--i4-----

Mar-09 

Jan-10 

Oct-10 

-~~~~----- Jl_ :'.~-----5.44(J) <10.0 
-90(8)-----r 66csi--­
"53(8)-----r <o~ii---
-33--------r NO-----
"i2- --- -- ----NO-----

NA NA 
NA NA 
NA NA 
"i3(fli-----r <4~8-----
·o~540i----r NO-----

·o~i(i)-----r NO-----

_I!?.----- _JI_ :'_~-----
172 10.9 
"I9o(Bj---- r 2o(Bj--­
"I37(Bj---- r so(Bj--­
"11iiio"8"--- r S~o/7 o"-­
-i1o- ----- ··p·------
-~3o·-------- s·------
NA NA 

NA NA 

230(B) 20(B) 

NA NA 105 NA NA NA EPA29 
"<"i5~o ---- -263i3ii- --- "753ii6_4 __ -- ":NA' -- -· "<o"io(N<o2o(Ji-- Y740ii"il(j)" -- "i.;",;'eiliyi;a~,;,;,;i;;~ (tici: 2-5-~g:L· ·- ·-- ·- ·-- ·- -EPA35·· ---------­
·;6~7----- -42-8(13)"---- -68 i(J3i----- ":NA'--- ·-60!'2(jf--------- Y350i-------- "ij:d·;,;,~iliii~J;.;;~;t;,;.; 'i--;~,;-,;,;;;s·(ricFs6·fl·gif"" -EPA 21·----------­
-<3T ---- -48--------- "6:i5" ------- ":NA' ---··<a.-is··--------- -2~82· --------- -i.;",;'eiliyii.i~,;,;,;i;;;~ (tici-" 3~3·9- ~gil.-·--·-·--·- -EPA33 ------------
-:ND·----- -NO·------- -:ND·------- "i6(jj·-· ":NA:·----------- NA·---------­
·:ND·----- -NO·------- "9:i(i)"·----- ":ii(ij""" ":NA:·----------- NA·----------

NA NA NA NA NA NA 
NA NA NA NA NA NA 
NA NA NA NA NA NA _________ , ------------

------------ -------·---------------- --------------<6. 7 <20.0 <20.8 NA <0.10 <0.10 

cis-1.4-dimethyiadamantane (TIC)- 1.37 flgiL 
-;~,;-pr~p;,;,;-1·~ S .-1 (i)-~giL· - · - - · - · - - · - · - - · - · - - · -

":ND"" ---- -NO-------- "29(ii ------- ":ND" -- -· ":NA:- ----------- NA-- --------- ·;~,;-p-r~j,;,;;(~ 6o(j)~giL.-.--.-.--.-.--.-.--.­

_t;,ap~!l:,a]<;;t;,e. ~ g,6_(!)_f;~i~. _. __ . _. __ .•.••.•.••.• ":ND·-----· -NO·------- ":ND·------- ":ND·---· ":NA:·----------- "NA·---------- "V{Y:0'£(i34·--------
NA <20 17.3 NA NA NA 

------------21.7 ":NA" -- -· ·<o-2o(jl--- ------ <-o~io(jj------- "i.;",;'eiliyi;a~,;,;,;t;;;~ (tici -· o 49 -~giL·-·--·-·--·-
_________ , ------------
<15.0 <20.0 -EPA 35 ------------

":NA'---.- i 35(i)ii37(J)---- ·o~ i4(j);oY4(j)-- "i.;",;'e"iliyi;a;,;,;;;ia;;~ (tici _. "(o3;o~43"~giL- ·- ·-- ·-·;4~ i.-.--' . <20.0i<i0.0.- -EPA27 -- ----------------------<22.0 
"<"{'i _____ "<2oa··----- "<2i9 _______ ":NA'·--· "<6.-Ia··--------- <-o~ia··------- "i-is-;,i,;;;;I~ci;.;;,;;t;,;.;(ficY-"o·i'{~g;L··--·-·--·- -EPA27·-----------
"<Di;<J:s < o"oi<io o----- -<io oi<io~o-- ":NA'--- ·-<o"2s----------- <-o~isi<o~is"---- "i.;",;"eiliyi;a~,;,;,;t;;;~ (tici _. o~6i ~gil.-·--·-·--·­
·o~59(jj" -- -NO-------- ":Ni)" ------- ":ND" -- -· ":NA:- ----------- NA-- --------- "a:O~io;,-;,·~ i "8(i)-~giL.-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·-
-o~24(jj" --· -NO-------- "4:i(ii ------- -:ND- -- -· ":NA:- ----------- NA-- --------- -.--.-.--.-.--.-.--.-.--.-.--.-.--.-.--.-

NA NA 

NA NA 

<4.1 <20.0 

377 

752.000 
!lg/kg 
Ill 

NA 

NA 

NA 

NA 

420 flg!kg 

0.510(J) 

NA 

2960 flg!kg 

<0.25(J) 

2-methyladamantane (TIC)- 9400 fig/!kg 

benzene- 0.060(J) flgiL 
ethylbenzene- 0.240(J) fig/L 
a-xylene- 0.260(J) flgiL 
1.2.4-trimethylbenzene- 0.200(J) flgiL 
1.3.5-trimethylbenzene- 0.210(J) ~tgiL 
isopropylbenzene- 0.350(J) ~tg/L 
.':.'~i!'Y! :e;·:-!'!:l~Y]_e!l:,e! _-_ ~ J:~Q) !'.~~. _. __ . _. __ . _ "ju;,:i4·---- "i8·-----··ro~i0i ___ -:ND·----- -NO·------- -:ND·------- -:ND·---· ":NA:·----------- "NA·---------- -,'V.Y:D'E(ifc·------

-A;;g-"i4- ---- "(;>- ----- ---o~4-3(j)"" ":ND"" ---- -NO-------- "'i7(ii ------- ":ND" -- -· ":NA:- ----------- NA-- --------- ·p-y;.;;;;-;,·A~id-~2066' ~gil'-.--.-.--.-.--.-.--.- -,vY:D'E(ifC -------
Mar-09 54.1 NA NA NA NA NA NA NA 
Mar-09 <5.00 NA NA <20 27.1 NA <0.20(J) <0.20(J) 

------------- "ja;:io" ---- -<·5~oo· --- ---<io~o··-- "<i5~o ---- -<2o -------- "i54" ------- ":NA' -- •· "<o-Ia·· --------- <-o~io --------- - ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- -EPA35 ------------
PGDW23 Mar-09 

"ja;:ia··---
-Aj,;.ii" ----

146 NA NA <20 <15.0 NA NA NA 
-~49·------T<io~o---- "<"i5~a··-- -<26·------- -<2oa··----- ":NA'·--· ·<o-2o(jf ________ <-o~io(ii ______ _ 

~~?~.~~.~~~~I~~~8~~~~~ ~~6~~.~~~.~~. }~~3~~.~~~~~ ~~f!~~~~.~~~~ ~~~~~~:~~~~~3~~~~~~~~~~~ ~o~~~~~~~~~~~~ 

EPA29 
-EPA 35 ------------
-EPA 27 ------------
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PGDW26 

PGDW30 

PGDW32 

PGDW33 

PGDW34 

PGDW35 

PGDW36 

PGDW40 

PGDW41A 

PGDW41 

PGDW42 

PGDW43 

PGDW44 

£ 
0 

Apr-12 226 19 11.4 <20.0 <20.0 NA <0.25 <0.25 

-----------Jun-14 
-A~g--14"----

_9_8_-------r o~i6(jj--
-i~o--------- o~i7(ji--

"2i(jj""""""" "b'e[;_ iilic.-_-o 06 "<h" ~g;1· ---------------------_________ , ------------
ND ND ------------------------ND NA 

------------------------ND NA 

--------------NA 

--------------NA 
_________ , ------------
ND ND ------------ND 

Mar-09 <5.00 NA NA NA NA NA NA NA EPA 29 

-EPA 27 ------------

Mar-09 558 NA NA NA 46.8 ~ ~ ~ ~~ 

Jan-10 "8'08"------r <i0~o---­
"i6o(Bi----r <3~0----- <15.0 <20.0 35.0 ":NA"---.-<0-2o(jl--------- "(si<ji-------- "ij:;,:;;.;;,;~iliyia'd;.;;a~ia-;,~-(rici: 0:29 ~g~l-.-.--.- -EPA3o------------

·a~t~ia··--­

-Ap;-ii" ----

-Ap;-i2·----

-ju";,:i4""""" 

-A~g--14-----

Mar-09 
"ja;:ia··---

-Apt~-i i----­

"ju;:ri·----

-644------ ·r76iBi __ _ 

Y84- -- -- - - T 3------­

"i2o"------r 0~3-9(jj-­
-!Ioo·----- -~- o~{@---

_2_1~:. _____ J
1

_ ::~ ____ _ 

36.3 <10.0 
-{7(Bi-----r <4~8-----
-33"--------- o~i (Ji---

-<4~i- -- __ , -2.9_4·· ------ ·32_7· ------- -NA ---- ·<o_·is·· --------- 2~4s·· --------- -·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·-
-<6~7----- - 2i 6(ilj----- -37 a·------- ":NA"---.-<0-Io----------- o:98---------- "ij--d·n;,~ihyii"cia;,;;t;"t;,;~ .;_-i~,;,_;;~;s-('ricj: 3:96 ~giC 

"<3~8- -- --· - 27Y" ------ "4:i8" ------- ":NA" -- -· "<0"25"" --------- ·2:so" --------- "i,4-·cl"n;~ihyii"cia;,;;;t;,;~ (fic'j-" 2"3Y~i'~1--.-.--.-
-ND-- -- .. , .ND ----.--- -34(i) ------- .ii(i). -· -NA. ----.----.- NA-- --------- -.. -.- .. -.- .. -.- .. -.- .. -.- .. -.- .. -.- .. -.-
-:ND·----- -:ND·------- "740i"·----- -:ND·---·-:NA:·----------- NA·----------

NA NA 19.2 NA NA NA 

"<6~7----- "224(Bi" ____ "<2ii9i<ii ___ ":NA.·---· "00!'2(j)io~i2(ii"--- <·o:io<oYo··---

·o~2(ii" ____ ":ND·------- ":ND·------- ":ND·---· ":NA:·----------- NA·---------- -i~~pr~p;,;,;(-"24 (jj~g;i_"" ·"" ·" ·"" ·" ·"" ·" ·"" ·" 
isopropylbenzene- O.l(J) flg/L 
lert-butyl alcohol- 2.0(J) fig/L 
gamma BHC (lindane)- 0.08(J) fig/L 

-A~g--14- ---- _6_8_- ----- ---:ND·---- -:ND-- -- --· ":ND -------- -:ND- ------- -:ND- -- -· ":NA:- ----------- NA-- --------- -i~,;pr~pyii,-;,~;;~,_;-e-_" o: i(ij ~g;i· ·-.--.-.--.-.--.-
Mar-09 NA NA NA NA NA NA NA NA 

"ju";,:i4·---- ·o~440i ______ :ND _____ -:ND·----- -:ND·------- -:ND·------- -:ND·---· ":NA:·----------- NA·----------

-A~g--14·---- -o~:i<ji·------:ND·---- -:ND·----- -:ND·------- -:ND·------- -:ND·---· ":NA:·----------- NA·----------

Mar-09 

Mar-09 

Mar-09 

Jan-10 

Jun-14 

Jan-10 
-Apt~-i i-----

-----------Jun-14 
-A~g-"14-----

Jan-10 

Jan-10 

Jan-10 

NA NA 

21.6 NA 

NA NA 

98.9 <10.0 

ND ND 

<5.00 <10.0 
Y85------- T i42(B'i--

Y6<ji-----T o~i<ji--­
Yii<ji------- :ND-----

60.0 <10.0 

<5.00 <10.0 

<5.00 <10.0 

NA NA NA NA NA NA 

NA NA 17.9 NA NA NA 

NA NA NA NA NA NA 

<15.0 <20.0 32.6 NA <0.20 0.36 

ND ND 150(J) ND NA NA 

<15.0 <20.0 479 NA <0.20 <0.20 
-<6~7----- "<2oa··----- "i:ii ________ ":NA. _____ "<0-25·---------- <·o:25·--------

-:ND------ -:ND-------- - i 7o(jj------ - i so(jj :N" ---------------- NA-----------

-:ND------ -:ND-------- - 25o<ji------ -23o<ji :N" ---------------- 'NA-----------

<15.0 <20.0 21.6 NA <0.20(J) <0.20(J) 

<15.0 <20.0 49.7 NA <0.20 <0.20 

<15.0 <20.0 44.3 NA <0.20(J) <0.20(J) 

-i-h~io;_y~ih·.;;~i .-. 33oo(Ji -fl·gii: ·- ·-- ·- ·-- ·- ·-- ·-

isopropanol- 3.5(J) fig/L 
endosulfan II- O.l(J) fig/L 

JPP!;'-:'~ .E!.!i~.<~;:~~~S>.-:: 9}SD.~~!--- _. _. __ . _. __ . _ 

methylene chloride- 0.2(J) flgiL 

benzene- 0.540 flg/L 
acenaphthylene- 0.210 flg/L 
naphthalene- 0.300 ~tgiL 
phenol- 0.170 fig/L 
2-methylnaphthalene- 0.370(J) fig/L 
fluorene- 0.150(J) Jlg/L 
!-methyl naphthalene (TIC)- 0.33 flgiL 
1,6-dimethyl naphthalene (TIC)- 0.42 fig/L 
1,7-dimethyl naphthalene (TIC)- 0.48 fig/L 

______________ . _2_, Z-.dj';';'~Y] p_al?~t.!'.!'!e_n;o_(f}~): p,~5.l!W.L •• _. __ • _. 

-EPA 27 ------------
-EPA 27 ------------

-EPA 33 ------------

-,'V.YnEo3"4---------
"w-YDE"Q3"4---------
EPA29 

-EPA 29 ------------

-EPA 27 -- --- -- --- --

-,V-YnEo34---------

"w-YnEo34---------
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~ i ~ E? .... = "' 
.... 

"' z i ; 
"' ; 
i 

~ £ ~ c:> 
'1::1 0 0 
"' ; 

Apr-Il 24(B) <4.8 <6.7 <20.0 60.5(B) NA <0.25 <0.25 

------------- ----------- Y:i(ji>j----r 0~3-7(jj--Jun-14 

------------- "A.;;g-"]4"---- Y4(ii-----r 0~4-3(jj--
·o~s i<ji--- ------------ ":ii(jj""""""" ND 

·o~59(ii" --· ------------ ------------

-------·---------------- --------------ND NA NA 

-------· ":NA:·----------- N'A.·----------

-i~;pr;p~~;(_" i i(Jj-.--.-.--.-.--.-.--.-.--.-

gamma BHC (lindane)- 0.02(J) 
_t;,ap~!l:,a]<;;t;,e.-: 9,2_(!)_. __ • _. __ • _. __ • _. __ • _. __ • _ "-wY:Dio'Qf,(--------

PGDW45 Jan-10 

:~~;~::::: :1: ;~~~:::: ------------- "A.p;-ii" ----

------------- -----------Jun-14 l(J) ND 

<15.0 <20.0 41.3 _________ , 
------------ ------------<6.7 <20.0 32.1 _________ , 
- 25(Ji" ------ ------------ND ND 

NA <0.20(J) <0.20(J) 

-------·---------------- --------------NA <0.10 1.25 
. 33<i).-. -NA.-.- .. -.- .. - NA-.-.--.-.--

1,3-dimethyladamantane +isomers- 9.5 figiL 

-i~;pr;p;~;(_" is(Jj ~,gi[.-.--.-.--.-.--.-.--.-

gamma BHC (lindane)- 0.06(J) flgiL 
PGDW46 Jan-10 <5.00 <10.0 <15.0 <20.0 25.5 NA <0.20 <0.20 

PGDW47 Jan-10 <5.00 <10.0 <15.0 <20.0 26.6 NA <0.20(J) <0.20(J) 

PGDW48 Jan-10 <5.00 <10.0 <15.0 <20.0 <20.0 NA <0.20 <0.20 

PGDW49 Jan-10 <5.00 <10.0 <15.0 <20.0 130 NA <0.20 <0.20 

------------- "A.p;-ii" ---- "i4(fli-----r 62(Bi---

------------- ----------- :o~~?~~:::: I~::::: Jun-14 

------------- "A.;;g-"14"---- 0.3(JP) ND 

_________ , 
------------ ------------<6.7 <20.0 51.9 _________ , 
------------ - i io<ji------ND ND 

":ND""""""" 
":ND ________ 

":isor··----

-------·-------------··· ............. . NA <0.10 <0.10 
...................................... 
ND NA NA 

":ND"---. ":NA:------------ N'A.-----------

Pl08128.0W NS 
Pl24049.0W NS 
Pl46856.0W NS 
Pl97335.0W NS 
Pl97336.0W NS 
P200885.0W NS 
P22660.0P NS 
P2266l.OP NS 
P22662.0P NS 
P24502.0P NS 
P24508.0P NS 
P29496.0P NS 
P31805.0W NS 
P41320.0W NS 
P41517.0W NS 
P44255.0W NS 
P59499.0W NS 
P60032.0W NS 
P66345.0W NS 
P69549.0W NS 
P91293.0W NS 
P9967l.OW NS 

Domestic Wells< 600 m from Unlined Pits Not Receiving Production Flnids 
PGDW03 Mar-09 NA NA NA NA NA NA NA NA 
------------- "ja;:io" ---- -<·5~oo· --- ---<io~o··-- "<"i5~o ---- - <2oo· ------ "<2oa·· ----- ":NA' -- •· "<o"2o-- --------- <-o~2o --------- - ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- ·-- ·- -EPA_35 ------------
PGDW04 Mar-09 <5.00 NA NA <20.0 <15.0 NA NA NA EPA29 

------------- "ja;:ia··--- -<·5~oa··---- - <i5~o---- "<"i5~a··-- - <26'0" ------ "<2aa··----- ":NA"·--· "<5-2a··--------- <~o2a··------- -EPA 35 ------------
PGDW13 Mar-09 NA NA NA NA NA NA NA NA 

PGDW15 Mar-09 NA NA NA NA NA NA NA NA 

Pl20203.0W NS 
P23056.0P NS 
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077 
.078 
.079 
.080 
.081 
.082 
.083 
.084 

P6511l.OW NS 
P9517l.OW NS 
P9334.0P NS 
P944l.OP NS 
CR UW09/250 l' S 

Domestic Wells> 600m From an Unlined Pits 
PGPW01 Mar-09 <5.00 NA NA NA 17.1 NA NA NA 
············· "ja;:ia····· 'NA·········wA:····· ":NA······· ·N'A········ ··<io:a······ ":NA'·····<a.·ia··········· <·o:ia········· ········································· ·E;;)o············ 
PGPW02 NA NA NA NA NA NA NA NA Mar-09 

"ja;:io · · · · · 
.Ap;-i2····· 

NA"""""""TN"A:""""" 
"s(ili · · · · · · · · <23 · · · · 

":NA······ ·N'A········ "<20a······· ":NA'·····<o"ia··········· <·o:ia········· 
·;3~8 · · · · · · <2ii () · · · · · · · <20 o · · · · · · · · :NA' · · · · · <ii"is · · · · · · · · · · · ·<·o~iS · · · · · · · · · 

PGDW01 Mar-09 NA NA NA NA NA NA NA NA 

PGDW02 Mar-09 NA NA NA NA NA NA NA NA 

PGDW09 Mar-09 NA NA NA NA NA NA NA NA 

PGDW10 Mar-09 <5.00 NA NA <20 23.1 NA <0.20(J) <0.20(J) 

-----------Jan-10 ------------<20.0 --------------<0.25 -------·----------------NA <0.25 ·<·s~OO<i)·----<iO~o(jr< s·_o(I) _____ , ·<2o········ 
PGDW12 Mar-09 NA NA NA NA NA NA NA NA 

PGDW16 Mar-09 NA NA NA NA NA NA NA NA 

PGDW17 Mar-09 10.6 NA NA NA 17.5 NA NA NA 

PGDW18 Mar-09 NA NA NA NA NA NA NA NA 

PGDW19 Mar-09 NA NA NA NA NA NA NA NA 

PGDW24 Mar-09 NA NA NA NA NA NA NA NA 

PGDW25 Mar-09 NA NA NA NA NA NA NA NA 

"ja;:io · · · · · "<"5~00 · · · · · · · <io~o· · · · "<i5T · · · · <2ii · · · · · · · · · 27 s· · · · · · · · ":NA' · · · · · <o"io" · · · · · · · · · · ·<·o~i6 • • • • • • • • • 
PGDW28 Mar-09 NA NA NA NA NA NA 

PGDW29 Mar-09 <5.00 NA NA NA 16.2 NA 

PGDW31 Mar-09 NA NA NA NA NA NA 

PGDW37 Mar-09 NA NA NA NA NA NA 

PGDW38 Mar-09 <5.00 ·NA NA NA 19.7 NA 

PGDW39 Jan-10 <5.00 <10.0 <15.0 <20.0 30.0 NA 

PGDW50 Apr-12 <1.3 <2.7 <3.8 <20.0 <20.0 NA 

Data (tables) from WYDEQ obtamed from the Powder River Basm Resource Counc1l m Apnl2015 . 
NS- Not sampled 
NA- Not analyzed 
ND -Not detected. Method detection and reporting limits not known 
TICs -Tentatively identified compounds 
J - Estimated value 
B- Compound detection in blank. For EPA data, detection less than lOX value in blank . 
SGCU- Silica gel cleanup performed before analysis 

NA NA 

NA NA 

NA NA 

NA NA 

NA NA 

<0.20(J) <0.20(J) 

<0.25 <0.25 

EPA29 

.EPA35 •••••••••••• 

.EPA33 •••••••••••• 

EPA29 

.EPA35 •••••••••••• 

EPA29 

.EPA35 •••••••••••• 
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1085 a 
1086 
1087 Figure SI Fl. Chromatograms ofDRO analysis at (a) PGDW05 during Phase V sampling event, and (b) PGDW30 
1088 during Phase I sampling event. Handwritten note, "Early Diesel", by EPA Region 8 chemist. 
1089 

w~ a 
1091 Figure SI F2. Chromatograms ofDRO analysis at PGDW20 during Phase I sampling event (a) aqueous sample (b) 
1092 carbon trap sample. Handwritten note, "Back End of Crude Oil" by EPA Region 8 analytical chemist. During the 
1093 Phase (I) sampling event, water was circulated through a carbon trap for 24 hours (cumulative water approximately 
1094 2,950 L) with detection ofDRO at 377 11g/L (EPA 200 9). 
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.095 G- Summary of Analytical Data Sources 

.096 

.097 Table SI Gl. Major reports summarizing data and/or data quality 

.098 

Agency Report Title Date 
EPA Site Inspection- Analytical Results Report Pavillion Area Aug 2009 

Groundwater Investigation Site, Pavillion, Fremont County, 
Wyoming 

EPA U.S. Environmental Protection Agency (EPA 2010a). Expanded Aug 2010 
Site Investigation- Analytical Results Report Pavillion Area 
Groundwater Investigation, Fremont County, Wyoming 

EPA Pavillion Quality Assurance Project Plans (5 revisions) Feb 2010 
EPA Audits of Data Quality (ADQ) October 2010 Sampling Event Apr 2011 
EPA Audits of Data Quality (ADQ) January 2010 Sampling Event Aug 2011 
EPA Audits of Data Quality (ADQ) March 2009 Sampling Event Dec 2011 
EPA Audits of Data Quality (ADQ) April 2011 Sampling Event Aug 2011 
EPA Investigation of Ground Water Contamination near Pavillion, WY D c 2011 
EPA Investigation of Ground Water Contamination near Pavillion, Sep 2012 

Wyoming Phase V Sampling Event Summary of Methods and 
Results 

EPA Groundwater Sampling Results at Locations near Pavillion, WY Sep 2012 
Pavillion Phase V (April2012) Groundwater Quality Results and-
Control (QC) Data 

USGS Transmittal of Contract Laboratory Results and Evaluation of Aug 2012 
Laboratory-Specific Quality Control Measures, U.S. Environmental 
Protection Agency Monitoring Well MW02, Pavillion Wyoming 
2012, Administrative Report Prepared for the U.S. Environmental 
Protection Agency. Director Approved August 30, 2012 

USGS Sampling and Analysis Plan for the Characterization of Sep 2012 
Groundwater Quality in Two Monitoring Wells near Pavillion, WY 

USGS Groundwater-Quality and Quality-Control Data for Two Sep 2012 
Monitoring Wells near Pavillion, Wyoming, April and May 2012 

USGS Analytical Report: Job Number: 280-28076-1 Job Description: EPA Sep 2012 
- Pavillion Fracking 

EPA Pavillion Gas Well Integrity Evaluation Jul23 2013 

EPA Pavillion Oil & Gas Field Pits Evaluation Jul25 2013 

WOGCC P illion Field Well Integrity Review Oct 2014 
Jun 2015 

120 

2016-009474-00331 



.099 Table SI G2. Smrunary of analytical methods used and sources of data and associated infonnation on quality control and assurance. 
Parameters Phase Medi Methods Lab Sources (links) of Analytical and Associated Information on Quality Assurance and Control) accessed 9/1/2015) 

a 
Majorious, W EPAMethods300.0and310.1 EPAR8 

· !.l!~l!1!~!t.Y. · · · · · ·- ·,r·· -- · ·w· --- ·t'P'A iVI~th~d; 3oo:o ~~'d·3 io~i.- ·-- ·- ·-- · E'PA"R.s ·- ·-- · 

Dissolved 
Metals 

Fixed Gases, 
Cl-C4 

III w "R.sK.soP;276~3-~~d2"14;;5·.-EPA _______ EPA_A_ a-----­
Methods SW-846 6500, 350.1, and 353.2 

-iV-- --. ·w· --- "R.sK.sop; 276~3-~~d 2"14;;5·.-EPA------- EPA"A" a·-----
Methods SW-846 6500, 350.1, and 353.2 

-y·-- --. ·w· --- "R.sK.sop; 276~3-~~d 2"{4~5·.-EPA------- EPA"A" a·----­
Methods SW-846 6500,350.1, and 353.2 -,,-----· ·w··-- ·t'P'AiVI~th~d;3oo:o:3io~C9os6:9o6o·u· ·srA·-

w EPA Methods 6010B, 6020, 7470A EPAK 

w 

·,r·· -- · ·w· --- ·t'P'A iVI~th~d; 6o-1oB":6o2o:747oX------ E'PA"A" 
-,if----· ·w· --- "R.s"K.sop 2·13;,4· ~~a-isi;i:~; 332Vo---- E'PAT 

and EPA Methods 200.7 and 6020. 

-iV-- -- · ·w· --- "RS"K.sop 2·13;,4· ~~a-251;2:~; 332Vo---- E'PAT 
and EPA Methods 200.7 and 6020. 

-v·-- -- · ·w· --- "RS"K.sop 2·13;,4· ~~a-isi;i:~; 332Vo---- EPA s 
and EPA Methods 200.7 and 6020. -,,----- · ·w· --- ·t'P'A iVI~th~d; 6o-1oB."6o2o:747oX------ E'PA·c· 

w ORGM-004 EPAR8 

II w ORGM-004 EPAR8 
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Cl-C4 Isotopes 

\Vater Isotopes 

VOCs 

-rV-- -- · ------- "R.s-KsoP-"i94~4:R.sK'soP'-i7s;,·5-------- EPAT 

-,,-----. ------- "R.s'KsoP-"i94~4:R.sK'soP'-i7s;,·5-------- EPA"S" -----­
\1-----. -R'S"J(§op:ii5------------------------- DSG"s- A-----
III W,G G s stripping and IRMS- No EPA 

Method 
EPAI 

-,,-----. ·w· --- -cfa~-s-tii'pp-iilis"iti'ciiR.iVrs"-" N~ EPA------- EPAT 
Method 

III W RSKSOP334v0 EPA S 

-rV-- -- · ·:w- --- ·R.s-KsoP:i:i4~ii----------------------- EPAT 

·v··- --. ·w· --- "R.'S"J(§op334~ii----------------------- EPA"S" 
w 

II w 

EPA Contract Laboratory Program -
EPA Method 8260B 

EPAL 

-EPA c~~t~~~t L-;;b~~~t;ry" Pi~g;a-~ -_------ EPA A 
EPA Method 8260B 

·rr··--· ·:w·--- ·aliaiVr:soi;n:EPA·M";tit;ci~·sw:s-46-- EPA-R.s 
5035 and 8260B 

·rr··--· ·Pw·-- EPAT ------
·rif·---· ·:w·--- ·aliaiVr:soi;n:EPA·M";tit;ci~·sw:s-46-- EPA-R.s ------

5035 and 8260B 

-rV·---· ·:w·--- "oliaiVr:soi;n:EPA·M";tit;ci~·sw:s-46-- EPA-Rs ------
5035 and 8260B 
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SVOCs 

-rV·---· ·w··-- "R.s"K.soP-"i5·9;i,"£f>X'M~ih';cis-sw:s46-- E'PAT 
5021A and 8260 

-y·-- --. ·w· --- -oR:a'M:soiii."( EPA-Mitit~ci~ ·s-w:s-46-- EPA-R.s ------

v w 

w 

5035 and 8260B 
·R.s-K.soP-"i5·9;i,"£f>X'M~ih';cis-sw:s46-- EPA s 
5021A and 8260B 

ORGM-515rl.l andEPAMethods3520 EPARS 
and 8270D 

"ir··- --. ·w,"S"o 'GM'-"5-l5·r-(i ~~'d-E:'P'A iVI~i'h~d; 352'0"----- EPA-Rs ------
and 8270D 

II PW 
and 8270D 

"rif·- --. ·w· --- -oR:a'M:siSii.r~~d EPA-Mitit~ci~-3526-- EPA-Rs ------
and 8270D 

-rV-- --. ·w· --- -oR:a'M:siSii.r~~d EPA-Mitit~ci~-3526-- EPA-Rs ------
and 8270D 
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DRO 

GRO/BTEX 

Glycols 

LMWOAs 

v w 

w ORGM-508rl.O, EPA Methods 8015B 
and 8015D 

EPARS 

·Ir··- -- · ·w,·s·o ciM"--s-osr-(o,"E:i>'A iVI~ih"~di sois'B------- 'EPA-R.s -----­
and 8015D 

"ir"·---· ·w··-- "o"RaiVI:sosii.o:'EPA·M';th;ci~-86isfl·--- EPA-Rs ------
and 8015D 

-Iif·---· ·w··-- "o"RaiVI:sosii.o:'EPA·M';th;ci~-86isfl·--- EPA-Rs ------
and 8015D 

-rV·---· ·w··-- "o"RaiVI:sosii.o:'EPA·M';th;ci~-86isfl·--- EPA-Rs ------
and 8015D 

-y·-- --. ·w· --- -o"RaiVI:sosii.o: EPA·M';th;ci~ "86isfl·--- EPA-Rs ------
and 8015D 

-,,-----. ·w· --- "E:i>'A iVI~th"~di 35-loc ;~;!80i5J3"-------- USas· A-----
W ORGM-506rl.O, EPA Method: 8015D, EPA RS 

Cil E 
n ·w,To aM':s-o6r"(o,"£i>'AiVI~th"~d:-8iiisi:i·------ EPA-Rs -----­
-Iif·---· ·w··-- "o"RaiVI:so6ii.o:'EPA·M';th;ci:so"!s"r5---- EPA-Rs ------

-rV-- --. ·w· --- -o"RaiVI:so6ii.o: EPA·M';th;ci-soiSb"---- EPA-Rs ------
-,,-----· ·w··-- "o"RaiVI:so6ii.o:'EPA·M';th;ci-8oi5b _____ EPA-Rs ------
-y·-- -- · "E:i>A: iVI~ih"~di so3oi3 ;~;rsoisJ3·-------- usas· A-----
IV w Method in development based on ASTM EPA R3 

D773-ll 

\1"----. -w---- -!Vi~th;'d- i"n" ci~~~i;p~~~t 1-;~~a-;~ 'AstM-- EPA-R.3 -----­
D773-ll 

v w "f.:'P'A "M~if~d ·so" is·-------------------- USas· A-----
IV W RSKSOP-112v6 EPA S 
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................. -,,-----· ·w···· "R.s"KsoP-"i1i~6----------------------

Ethoxylates, v w Method in Development based on ASTM EPAL 
Alkylphenols D7458-09 and USGS Method 01433-01 
Acrylamide v w Method in Development based on EPA EPAL 

Methods 8032A and 8316 
MBAS v w EPA Method 425.1 EPA T ................. -,,-----· ·w···· "£'PA. M~th~d 42"5~ i · · · · · · · · · · · · · · · · · · · · 
Methanol v w EPA Method SW-846 8015M EPAS 

.100 

.101 Abbreviations 

.102 

.103 Cl-C4- methane, ethane, propane, and butane 

.104 VOCs- volatile organic compounds 

.105 SVOCs -semi-volatile organic compounds 

.106 LMWOAs -low molecular weight organic acids 

.107 MBAS-

.108 GRO- gasoline range organic compounds 

.109 DRO- diesel range organic compounds 

.110 W -water 

.111 G- gas 

.112 S-solids 

.113 

.114 Laboratories 

.115 

.116 A- ALS Laboratory Group, Salt Lake City, UT 

.117 A4- A4 Scientific, The Woodlands, TX 

.118 Ada- EPA Office of Research and Development, Ada, OK 

.119 C- Chemtech 

.120 E- Energy Laboratories Inc., Billings, MT 

.121 I - Isotech Laboratories, Champaign, IL 

.122 K- KAP Laboratories, Vancouver, WA . 

. 123 L- Liberty Analytical, Salt Lake City, UT 

.124 LV- EPA Office of Research and Development, Las Vegas, NV 

.125 R3- EPA Region 3 Laboratory, Fort Meade, MD 

.126 R8- EPA Region 8 Laboratory, Golden, CO . 

. 127 S- Shaw Environmental, Ada, OK 

.128 TA- Test America, Denver, CO 

.129 Z-Zymax 

.130 

.131 Analytical Methods 

.132 

.133 ORGM-501rl.l EPA Region 8 Standard Operating Procedure used with EPA Method 8260 for VOC analysis 

.134 ORGM-506 rl.O- EPA Region 8 Standard Operating Procedure used with EPA Method 8015 for GRO analysis 

.135 ORGM-508 rl.O- EPA Region 8 standard operating procedure used with EPA Method 8015D for DRO analysis 

.136 ORGM-515 rl.l- EPA Region 8 standard operating procedure used with EPA Methods 3520 and 8270D for SVOC analysis 

.13 7 RSKSOP-112v6- EPA Standard Operating Procedure for Quantitative Analysis of Low Molecular Weight Acids in Aqueous Samples by HPLC 

.138 RSKSOP-175v5 - Sample Preparation and Calculations for Dissolved Gas Analysis in Water Samples Using a GC Headspace Equilibration Technique, 16 p . 

. 139 RSKSOP-194v4- Gas Analysis by Micro Gas Chromatographs (Agilent Micro 3000), 13 p . 

. 140 RSKSOP-213v4- Standard operating procedure for operation of Perkin Elmer Optima 3300 DV ICP-OES, 21 p. 
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.141 

. 142 

.143 

. 144 

. 145 

.146 

. 147 

. 148 

.149 

. 150 

. 151 

. 152 

. 153 

. 154 

. 155 

. 156 

.157 

. 158 

. 159 

. 160 

. 161 

. 162 

. 163 

. 164 

. 165 

. 166 

. 167 

. 168 

. 169 

. 170 

RSKSOP-214v5- Quality control procedures for general parameters analysis using Lachat Flow Injection analysis (FIA), 10 p . 
RSKSOP-259vl -Determination of volatile organic compounds (fuel oxygenates, aromatic and chlorinated hydrocarbons) in water using automated headspace gas chromatography/mass spectrometry TEKMAR 7000 HS­
Varian 2100T GC/MS system-ION trap detector, 28 p . 
RSKSOP-257v2- Standard operating procedure for elemental analysis by ICP-MS, 16 p . 
RSKSOP-299vl -Determination of Volatile Organic Compounds (Fuel Oxygenates, Aromatic and Chlorinated Hydrocarbons) in Water Using Automated Headspace Gas Chromatography/Mass Spectrometry (Agilent 
6890/5973 Quadruple GC/MS System), 25 p . 
RSKSOP-276v3 -Determination of major anions in aqueous samples using capillary ion electrophoresis with indirect UV detection and Empower 2 software, 11 p . 
RSKSOP-296v0- Determination of hydrogen and oxygen isotope ratios in water samples using high temperature conversion elemental analyzer (TC/EA), a continuous flow unit, and an isotope ratio mass spectrometer 
(IRMS), 8 p . 
RSKSOP-297vl -Metals Speciation Determination by LC/ICP-MS, 21 p . 
RSKSOP-298vl -Arsenic Speciation Determination by LC/ICP-MS with Anion Suppression and NaOH Mobile Phase, 21 p . 
RSKSOP-313vl- Determination ofR-123 using the H25-IR Infrared Refrigerant Gas Leak Detector, 12 p . 
RSKSOP-314vl- Determination of Fixed Gases using the GEM2000 and GEM2000 Plus Gas Analyzers & Extraction Monitors, 13 p . 
RSKSOP-320vl- Determination of Organic and Inorganic Vapors Using the TVA-lOOOB Toxic Vapor Analyzer, 18 p . 
RSKSOP-330v0- Determination of Various Fractions of Carbon in Aqueous Samples Using the Shimadzu TOC-VCPH Analyzer, 16 p . 
EPA Method 200.7- Determination of Metals and Trace Elements in Water and Wastes by Inductively Coupled Plasma-Atomic Spectrometry, Rev. 5, Jan 2001. 
EPA Method 300.0- Determination oflnorganic Anions by Ion Chromatography, Rev. 2.1, Aug. 1993 . 
EPA method 310.1- Alkalinity (Titrimetric, pH 4.5), Rev. 1978 . 
EPA Method 350.1 -Determination of Ammonia Nitrogen by Semi-Automated Colorimetry, Rev. 2, Aug. 1993 . 
U.S. EPA Method 5021A- Volatile Organic Compounds in Various Sample Matrices Using Equilibrium Headspace Analysis, Rev. 1, June 2003 . 
U.S. EPA Method 6020- Inductively Coupled Plasma-Mass Spectrometry, Rev. 1, Feb. 2007 . 
U.S. EPA Method 6500- Dissolved Inorganic Anions in Aqueous Matrices by Capillary Electrophoresis, Rev. 0, Feb. 2007 . 
U.S. EPA Method 8260C- Volatile Organic Compounds by Gas Chromatography/Mass Spectrometry (GC/MS), Rev. 3, Aug. 2006 . 
EPA Method 8015B- Determination ofNonhalogenated Organics Using GC/FID, Rev. 2, Dec. 1996 . 
U.S. EPA Method 8015D- Nonhalogenated Organics Using GC/FID, Rev. 4, May 2003 . 
U.S. EPA Method 8270D- Determination of Semi volatile Organic Compounds by Gas Chromatography/Mass Spectrometry (GC/MS), Rev. 4, Feb. 2007 . 
U.S. EPA Method 8000C- Determinative Chromatographic Separations, Rev. 3, Mar. 2003 . 
U.S. EPA Method 8260C- Volatile Organic Compounds by Gas Chromatography/Mass Spectrometry (GC/MS), Rev. 3, Aug. 2006 . 
U.S. EPA Method 8270D- Semivolatile Organic Compounds by Gas Chromatography/Mass Spectrometry (GC/MS), Rev. 4, Feb. 2007 . 
U.S. EPA Method 9060A- Total Organic Carbon, Rev. 1, Nov. 2004. 
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